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ABSTRACT 
Interest in the development of increasingly complex synthetic gene networks for the study of 
natural networks and engineering novel functions has necessitated new approaches to the 
design and construction of the plasmids upon which they are encoded. Current methods that 
focus on additive DNA assembly hinder post-construction substitutions. Such modifications 
are important in facilitating iterative design strategies, which are prevalent due to imperfectly 
characterized biological components and contexts. We present an approach for the design, 
construction, and modification of synthetic gene networks termed the Gene Circuit 
Breadboard. It focuses on the ability to modify constructs to allow for tuning, 
troubleshooting, or repurposing of networks. We use a specified set of restriction enzymes 
in conjunction with a library of components that lack those restriction sites to maintain the 
uniqueness of the sites used for construction. Using this approach, we constructed a genetic 
toggle switch, added modified ssr.A degradation tags to the genes in the toggle, and 
transformed the toggle into three- and four-node coherent feed-forward loops. The 
construction and tuning of these networks demonstrated both the need for and performance 
of our approach, as each circuit required modifications to achieve its intended behavior. 
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Chapter 1 - General Introduction 
1.1 Synthetic Biology 
The discovery and characterization of site-specific type II restriction enzymes (Smith and 
Wilcox, 1970; Kelly and Smith; 1970) introduced the possibility of synthetic approaches to 
the descriptive study of biology (Szybalski and Skalka 1978). Plasmid construction (Cohen et 
al., 1973) enabled by in vitro manipulation of DNA via restriction enzyme digestion, ligation 
(Gellert, 1967), and transformation (Cohen et al., 1972) allowed for the rearrangement of 
genetic material. In addition to extensive use in the study of multitudes of biological 
phenomena, this technology was used within the scope of genetic engineering to alter or 
create new phenotypes. The introduction of ideas from design and engineering fields, 
improvements in techniques for DNA assembly and manipulation, and a wealth of new 
biological information gleaned from genomics, transcriptomics, and metabalomics have 
combined to increase the complexity of biological design. Such engineering of complex 
biological systems is the basis for the growing field of synthetic biology. 
This field is broadly inclusive, currently encompassing genomic engineering (Wang et al., 
2009; Gibson et al., 2010), metabolic engineering (N.Iarti.n et al., 2003; Ro et al., 2006; Atsumi 
et al., 2008), synthetic post-transcriptional regulation (Bayer et al., 2005; Isaacs et al., 2006), 
and synthetic gene networks (Hasty et al., 2002; Lu et al., 2009). 
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1.2 Synthetic Gene Networks 
Inspired by naturally occurring genetic motifs and electric circuits, and used to study natural 
networks or create novel behavior, synthetic gene networks consist of multiple genetic 
elements that are engineered to exhibit a specific behavior. The transcription and translation 
machinery of host cells are used to express the genetic elements that comprise these 
networks, often plasmid-encoded. These networks can therefore be thought of as 
programming the cells to express a desired behavior. 
The first examples of synthetic gene networks are the genetic toggle switch (Gardner et al., 
2000) and repressilator (Elowitz and Leibler, 2000). The genetic toggle switch features two 
mutually repressive nodes expressed as two repressors, each of which represses the other's 
promoter. This arrangement produces a bistable system, able to maintain either state in the 
absence of inducer in E. coli. The repressilator is a three-node system with the repressor in 
one node repressing the promoter in the next node in sequence that produces sustained 
oscillations. Both circuits use fluorescent protein reporters to indicate the state of the 
network. 
Subsequent work has produced further work on toggles (I<.obayashi et al., 2004; Kramer et 
al., 2004; Fritz et al., 2007; Ellis et al., 2009), oscillators (Fung et al., 2005; Stricker et al., 
2008; Tigges et al., 2009; Danino et al., 2010) and combinations of the two (Atkinson et al., 
2003). Other networks act as cascades (Blake et al., 2003; Hooshangi et al., 2005; Pedrazza 
and van Oudenaarden 2005), logic gates (Guet et al., 2002; Anderson et al., 2007; Tamsir et 
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al., 2010), fo.rm spatial patterns (Basu et al., 2004; Basu et al., 2005; Isalan et al., 2005, Tabor 
et al., 2009), count (Friedland et al., 2009), regulate cell density (You et al., 2004), or tightly 
regu!ate gene expression (Isaacs et al., 2004; Deans et al., 2007). 
The diversity of networks will only increase as work in the field continues. Accordingly, the 
trend in network design is towards increasing scale and complexity, with proposed networks 
featuring more components and intricate regulation (Lu et al., 2009). However, the paucity 
of well-characterized, orthogonal components; insufficient knowledge and models of host 
and network behavior to forward engineer a DNA sequence that encodes the desired, 
functional network; and problematic, lengthy, and inefficient design and construction 
processes present obstacles to the continued progress in the field. 
1.3 DNA Assembly 
Traditional ad hoc approaches 
Many of the synthetic gene networks described in Chapter 1.2 were constructed in a manner 
similar to that described in 1972 by Cohen and colleagues. While technologies, protocols, 
and kits have made each of the procedures easier, the overall process of digesting insert and 
vector DNA with one or more restriction enzymes, isolating the desired fragments, joining 
them via ligation, and transforming them into an E. coli strain has endured with no major 
changes. Sequential applications of this same process are used to assemble larger constructs 
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or modify existing ones. The ubiquity of these techniques for DNA assembly and 
modification has made them the standard to which other methods are compared. 
Despite the multitude of plasmids constructed using this method, it suffers from several 
shortcomings, particularly when used to construct larger plasmids with multiple 
components. Each construction process must be custom designed to a large extent, finding 
or creating unique restriction sites at each desired junction. Care must be taken to ensure 
that the enzymes used are compatible in terms of buffer and temperature. For this process to 
be straightforward, the restriction sites must be unique or exist at each junction when a 
single enzyme is used. While many plasmids designed for cloning feature an MCS of unique 
restriction sites, this requirement can impose constraints on the order of assembly and limit 
the ability to substitute components in the final construct because of sites introduced with 
the inserts. 
Given the various shortcomings, and that these shortcomings are exacerbated with 
increasing network size and number of components, there have been a number of DNA 
assembly methods proposed that address the need for more straightforward and capable 
synthetic gene network construction. While there are even more methods that address the 
cloning of one or a few elements, here we focus on those that aim to facilitate construction 
on the scale of synthetic gene networks. 
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Idempotent Assemb!J 
One class of assembly methods that has gained a degree of traction in the synthetic biology 
community is type liP restriction enzyme-based idempotent assembly known as BioBricks™ 
(Knight, 2003; Shetty 2008). This approach leverages a pair of enzymes (Xbai and Spel in 
the original version) that have compatible cohesive ends. The compatible overlaps of the 
digestion products allow for efficient ligation of the products resulting in a junction in which 
neither original restriction site is present. BioBricks™ and derivatives such as BglBricks or 
In-Fusion (Anderson et al., 2010; Sleight et al., 2010) specify prefixes and suffixes containing 
the compatible cohesive end site pair that brackets each part. Proscribed double digests and 
ligations of the part plus a compatible destination vector then produce a plasmid that 
contains the part appended to any existing parts, bracketed by the original prefix and suffix 
and lacking any internal instances of the sites. One requirement of this method is that all 
vectors or parts must not contain any instances of the restriction sites used for construction 
outside of the specified prefix and suffix. 
Because the product has the same structure as the input, this method can easily be extended 
to accommodate large designs. The ease of use, with only two digests and four restriction 
enzymes needed, makes this method attractive, particularly for inexperienced users. This, 
coupled with the Registry of Standard Biological Parts (http:/ /partsregistry.org/) and the 
support from the International Genetically Engineered Machines competitions 
(http:/ /igem.org/) has led to extensive adoption. As the numbers of users and applications 
have grown, variants have emerged (see http:/ /biobricks.org/programs/technical-standards-
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framework/) that requite the use of different enzymes and thus different corresponding 
forbidden restriction sites. These varied standards dilute the benefits of the Registry and 
complicate design decisions. 
This approach to synthetic gene network construction focuses solely on the additive aspect 
of DNA assembly. The use of compatible cohesive ends in an idempotent reaction facilitates 
continued assembly, but by definition eliminates restriction site access to the interior of a 
construct, preventing substitutions or other modifications without complete reconstruction. 
Type IIS Restriction Enzymes 
A different approach to DNA assembly features the use of type IIS restriction enzymes. 
These endonucleases recognize a specified DNA sequence, and cut at a site defined by the 
distance from the recognition site. This separation of the recognition site from the cleavage 
site allows for flexibility in the design of subcloning procedures, particularly with respect to 
the design of the sticky ends. Once digested, fragments ate joined using the conventional 
procedures of ligation and transformation. Because of the separation of the recognition and 
cleavage sites, these approaches tend to feature specifically designed cloning vectors 
contalning recognition sites flanking the insertion locus. As with other methods based on 
recognition sequences, these methods requite the removal of the recognition sequences for 
each testriction enzyme used and do not provide access for internal changes to an assembled 
module once constructed. 
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NOMAD (Rebatchouk et al., 1996) is another type IIS restriction enzyme-based approach to 
DNA assembly that facilitates sequential insertions. It uses three type IIS restriction enzymes 
coupled with a single type IIP restriction enzyme to create a combination of sticky-ended 
fragments to allow for sequential insertion or excision of the assembled module. 
Engler and colleagues (2008) used a similar approach wherein pairs of Bsai in defined 
orientations specified entry and expression vectors. A one-pot reaction transferred the insert 
to the expression vector. The use of orthogonal overhang sequences allow for the insertion 
of multiple components in the same reaction. The absence of the type IIP enzyme that is 
used in the NOMAD method necessitates the preparation of entry vectors for each insert. 
This method was adapted to work with up to nine inserts and termed Golden Gate cloning 
(Engler et al., 2009). While enabling a large number of simultaneous insertions is desirable, it 
introduces complications in troubleshooting failed reactions, since they cannot be 
sequentially confirmed. 
Subsequent work by Weber et al. (2010) led to the development of the MoClo approach to 
network assembly. This approach extends Golden Gate cloning to a hierarchical format for 
the assembly of eukaryotic multi-gene constructs. It uses different type IIS enzymes to 
specify and separate the assembly of modules at different levels. While powerful in its ability 
to assemble multi-gene eukaryotic networks from primary constituents, this method is tightly 
constrained and requires extensive planning and preparation of low-level modules, and 
specific vectors for each level of assembly. 
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Single-Stranded Recombination 
The need to remove restriction sites from vectors and inserts is an impediment common to 
restriction enzyme-based assembly methods. Several approaches have been developed that 
aim to eliminate this need by using other processes for generating and joining DNA 
fragn:lents. One such approach uses an exonuclease to generate complementary single-
stranded overhangs, which are then repaired by the host strain's recombination machinery. 
Termed Ligation-Independent Cloning (LIC), Aslanidis and de Jong (1990) describe a 
method whereby complementary overhangs lacking one nucleotide are appended to inserts 
and vector by overhang PCR. The 3' to 5' exonuclease activity ofT4 polymerase in the 
presence of the missing deoxynucleotide triphosphate produces a single stranded overhang 
through the occurrence of the first instance of the missing base. Transformation of the 
mixed insert and vector results in recombination of circularized DNA and propagation of 
the target plasmid. The lack of a ligation step improves specificity of the reaction. 
An extension of this method by Li and Elledge (2007), Sequence and Ligation-Independent 
Cloning (SLIC), eliminates the requirement that a specified nucleotide is absent in the 
overhang. This generates larger overhangs and features the optional use of RecA to increase 
the efficiency of recombination allowing for the incorporation of five to ten inserts at a time. 
Pofymerase Extension 
Another class of non-restriction enzyme-based methods extends PCR technology to not 
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only <amplify DNA but to assemble multiple fragments using polymerases. Circular 
Polymerase Extension Cloning (CPEC) (Quan and Tian, 2009) uses overlaps between the 
insert(s) and vector to prime PCR amplification of the complete plasmid. This method 
assembles multiple fragments in a single thermocycled reaction. Using a single enzyme, this 
approach is straightforward and flexible, with the ability to assemble fragments with unique 
junctions for homology that can be PCR amplified. This method builds upon older methods 
used to assemble components using PCR such as Splicing by Overlap Extension (SOE) 
(Horton et al., 1989), a method that uses the same principle to join two DNA fragments to 
be followed by conventional cloning procedures. 
GibS0!1 
An approach proposed by Gibson et al. (2009) combines several of these processes to 
produce a method for the assembly of DNA fragments that have overlapping sequences as 
short as 40 bp in a single, isothermal reaction. The process uses a mixture of the fragments 
along with TS exonuclease, Phusion polymerase, and Taq DNA ligase and is carried out at 50 
0 C. The 5' ends of the fragments are recessed with the exonuclease prior to its heat-
inactivation. The polymerase and ligase fill in and repair the junctions after the single-
stranded overhangs anneal. This process can easily assemble multiple large fragments and 
was thus used to assemble the entire genome of Mycoplasma mycoides JCVI-syn1.0 genome 
from synthesized DNA (Gibson et al., 2010). Ideal for such approaches and other tasks 
involving reassembling DNA, this method is the best available option for additive assembly 
9 
of latge constructs. Like the other methods though, it does not facilitate changes to the 
assembled constructs. 
De Novo Synthesis 
The widespread commercial availability and decreasing cost of de novo DNA synthesis is 
increasingly making it an appealing option for the assembly of components or networks. 
This technology typically involves the assembly of oligonucleotides into gene-length DNA 
fragments. (fian et al., 2009; Carr and Church 2009) While cost considerations still limit the 
scope of de novo synthesis, increasing affordability and reliability of oligonucleotide synthesis 
and improvements in assembly and verification indicate that this is a short-term constraint. 
Though synthesized components can be diversified, this technology does not directly enable 
targeted tuning or other modifications to devices. Unlike some of the other methods 
described, the flexibility in the sequence that is assembled does provide some opportunity 
for synthesis with an eye towards subsequent tuning, modifications, or other changes. 
Limitations 
These methods describe approaches to assembling synthetic gene networks and other 
constructs in an additive manner. Each attempts to facilitate the additive process with little 
regard for post-assembly changes, substitutions, or modifications that are needed for tuning, 
troubleshooting, or repurposing the assembled construct. These needs are particularly 
important given the imprecise characterization of genetic components. Despite work to 
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better characterize various components and parameters (Lutz and Bujard, 1997; Andersen et 
al., 1998; Salis et al., 2009; Kelly et al., 2009) and work in modeling synthetic gene networks 
(Gardner et al., 2000; Elowitz and Leibler 2000; Ellis et al., 2009), iterative design strategies 
are sti.ll required in many cases (Marguet et al., 2006). Im.portandy, the success of iterative 
strategies depends on rapid modifications to testable constructs. However, reconstruction of 
all or portions of networks or multiple construction steps for minor tuning severely restricts 
the applicability of such strategies. 
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Chapter 2 - Gene Circuit Breadboard 
2.1- Overview 
By standardizing the connections between components and providing a simple mechanism 
for adding or removing the components, solderless breadboards provide a platform that 
accelerates electric circuit prototype development. The benefits of a similar platform for 
genetic circuit development is clear given the substantial cost and _time required to perform 
subcloning reactions and the relatively poor biological component characterizations. Existing 
meth0ds used for synthetic gene network construction focus on additive assembly of DNA 
and fail to address the need for post-construction substitutions and other modifications. 
To address these needs, we present the Gene Circuit Breadboard (GCB or Breadboard), a 
system that provides for straightforward assembly while maintaining access for subsequent 
modifications. We propose the use of traditional molecular biological sub cloning techniques 
coupled with a library of genetic components that have been optimized via the removal of a 
set of type IIP restriction enzymes' recognition sites. This use of components lacking 
internal instances of the set of restriction sites maintains the uniqueness of those sites 
throughout the assembly and modification process. 
2.2 - Restriction Enzyme Set 
Aside from the problems that arise from non-unique restriction sites, which are also 
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addressed by this Breadboard approach, variability in the properties of restriction enzymes 
can complicate their usage. Their variability in buffets, optimal temperatures, methylation 
sensitivity, and recognition site properties introduces opportunities for mistakes during the 
cloning process. So that we could specify a finite set of enzymes to be used with the GCB 
approach, we selected enzymes such that chances of errors due to improperly accounting for 
this variability would be minimized. 
We first chose to focus on enzymes provided by a single vendor, New England Biolabs 
(NEB). NEB provides four buffers in which the majority of their enzymes function. Because 
NEB Buffet 4 had the largest number of compatible enzymes, including the high-fidelity 
(HF) enzymes, we chose enzymes that exhibit at least 50% activity in NEB Buffet 4. A 
cutoff at Sb% activity allows for the use of additional enzyme to overcome that degree of 
inactivity. 
From the enzymes that had at least SO% activity in NEB Buffet 4, we further restricted out 
search to enzymes that have non-degenerate, 6bp, and palindromic recognition sites. These 
requirements standardized the design and planning process, particularly in the design of 
primers for overhang PCR that append these restriction sites to components. The 
requirement for non-degeneracy limits the number of sites that would have to be removed 
from components, limits the accidental creation of the restriction site, and ensures that 
ligations of two ends cut with the same restriction enzyme maintain the availability of the 
restriction site. While restricting recognition sites to 6bp eliminates some otherwise ideal 
enzymes, it reduces variability in primer length and therefore melting temperature as well as 
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ensuring that restriction sites that may be used to join coding sequences preserve frame. 
Palindromic recognition sites ensure that primers are not limited in direction. 
Finally, we specified that the restriction enzymes to be included in the Breadboard set not be 
sensitive to Dam and Dcm methylation. Methylation of DNA by these methylases, which are 
present in some strains of E. coli, prevents the activity of some restriction enzymes. Limiting 
the set of restriction enzymes to those not sensitive to these methylation patterns allows for 
the DNA from any strain to digested. While the cloning strain could be restricted to dam· 
/ dcni strains, this may prevent digests of DNA from a strain needed to test a given 
construct, ultimately hampering iterative strategies if the test strain has either methylase. 
After applying these criteria, we arrived at a set of 31 restriction enzymes, including 16 HF 
enzymes (Table 2.1). 
One of the enzymes, Xbal is sensitive to Dam methylation that overlaps its recognition site. 
We chose to include it in the set specifically to allow for the insertion of parts assembled 
using BiobricksTM into Breadboard vectors (Shetty et al., 2008). 
2.3 -Vectors 
With the enzyme set specified, a set of high-copy cloning vectors (Fig. 2.1 a) was constructed 
based on the pZE vector family [Lutz and Bujard 1997]. The pZ system is a modular vector 
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system comprised of origin of replication, antibiotic resistance, and inducible promoter 
modules. In this system, each module can be exchanged for another variant using the unique 
restriction sites that the modules. While this flexibility in exchanging modules is welcome, 
the restriction sites used for this purpose, as well as others present in the backbone, limit the 
number unique restriction sites that could be used for inserting other components. 
To generate a variety of backbones, lacking the restriction sites that join the backbone 
modules, we assembled backbone vectors by ligating fragments with compatible cohesive 
ends, thus eliminating the restriction sites in the final vector. To generate the modules, we 
removed instances of any of the set of 31 enzymes' recognition sites from each of the origin 
of replication or antibiotic resistance modules, and designed an MCS that would contain 
most of the restriction sites. Restriction sites present in the genes encoding the antibiotic 
resistance were removed by synonymous codon substitution. Restriction sites elsewhere in 
the backbone were randomly mutagenized and the mutants were screened to confirm copy 
number. To facilitate test cuts, we did leave one Pcii restriction site in the backbone of the 
plasmids (Fig 1.2) placed to facilitate test cuts by allowing for larger fragments when needed. 
So that any pair of adjacent restriction sites could be digested without problems, we put six 
bases between each six base restriction site, ensuring that no site would be too close to an 
end of a fragment for successful digestion. 
Assembly of the MCS; the Co1E1 origin of replication; and one of the ampicillin, kanamycin, 
or chloramphenicol resistance modules yielded the initial complement of GCB vectors: 
pKE1MCS, pKEZMCS, and pKE3MCS respectively. Future work is needed to remove 
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Breadboard restriction sites from other origins of replication with different copy numbers, 
BACs or multiple origins in order to assemble GCB vectors that can replicate together, 
accommodate larger inserts, or shuttle between species. 
2.4 - Component Library 
The core of the GCB approach is the idea that the addition of a fragment that does not 
contain any (of a set of) restriction sites will maintain the uniqueness of any restriction sites 
present elsewhere in the vector. Unfortunately, many commonly used genetic components 
contain instances of one or more otherwise useful restriction sites. We therefore created a 
library of commonly used components lacking the Breadboard restriction sites. 
In addition to having a collection of components already optimized for use with the GCB, a 
library also allows for thorough annotation and the standardization of the components' 
context. Our library is housed in standard E. coli cloning strains (NEB 10-beta, DHSalpha, or 
NEB TURBO), with each component in a minimal plasmid. Components are non-
directionally inserted into the unique, transcriptionally isolated Pvuii site in the empty library 
plasmid, pKLiOOO. This arrangement allows for easy storage of the strains in glycerol stocks, 
direct recovery of the plasmids, and minimal interference from other sequences when PCR 
amplifying the components. 
The initial complement of components for the library (Table 2.2) was selected based on their 
ubiquity in published E. coli synthetic gene networks and their inclusion in plans for 
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networks underway at the time. Once a given component was identified and an authoritative 
DNA sequence was specified, we scanned the sequence for the presence of any of the 
Breadboard restriction sites. If any were found, the restriction sites were removed in si!ico 
when possible. For genes, we made synonymous codon substitutions that preserved the 
peptide sequence of the gene but eliminated the restriction sites. For other components, we 
made annotation-guided mutations when possible, avoiding parts of the sequence with 
defined functions, such as transcription factor bmding sites in promoters or strong 
contributions to secondary structure in terminators. For components that were not genes 
and lacked detailed annotations, we performed randomized mutagenesis of a physical 
instance of the component and then screened the mutants in comparison to the originals 
followed by sequencing to determine the successful mutant. After having identified or 
generated a sequence free of Breadboard restriction sites, the DNA encoding that sequence 
was created by PCR, SDM, or de novo synthesis (DNA 2.0, Menlo Park, CA) and placed into 
the library plasmids. To denote the library versions of these components, a superscript GCB 
is appended to the component name. 
Degradation Tags of Genes 
We generally included ssr.A degradation tags (Andersen et al., 1998) with most genes in the 
component library. These tags increase the degradation rates of the genes to which they are 
appended. They are included in the genes in the lib~ary because it is easier to generate both 




To facilitate the usage of components in the library and reduce design mistakes, information 
about each component was collected and stored. Most importantly, the sequence of the 
components themselves, information about their origin, and any changes that were made to 
remove restriction sites are specified. Additionally, we include regions of 5' and 3' homology 
that are used in the design of PCR primers. Inclusion of this information helps to prevent 
the common mistake of forgetting to reverse and complement the sequence for the reverse 
primer. Furthermore, we incorporate feedback from results of PCR, increasing the length of 
homology to help amplify difficult templates. We also record the parameters used in 
conjunction with the RBS calculator (Salis et al., 2009) when relevant. By delineating all of 
these parameters with each component's entries, and in a central spreadsheet, mistakes in the 
design and planning process can more easily be avoided. 
2.5- Usage 
With the restriction enzymes specified, vector plasmids constructed, and a component 
library in place, usage of the GCB approach is direct. For a network design in which all of 
the components are in the Breadboard library or otherwise lack Breadboard restriction sites, 
the first step is to assign each component to a directional slot in the MCS specified by the 5' 
and 3' restriction sites, typically adjacent. Layout of these components into MCS slots must 
take into account functional constraints of the final network as well as considerations for 
construction. Among the features of the GCB are the lack of restrictions on the order of 
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construction and the parallel construction schemes. Depending on priorities, layout and 
construction can be planned for speed, use or development of reusable modules, or the 
generation of testable constructs. 
Once the layout is complete and the construction is planned, the subsequent subcloning 
procedures are performed using standard molecular biological techniques (Sambrook and 
Russell, 2001). Primers to add the specified restriction sites to the components are designed 
and ordered. The primer design typically consists of a six base overhang to facilitate 
digestion, the six base restriction site, and at least twenty bases of homology to the ends of 
the components as specified in the information associated with the library components. 
Overhang PCR is then performed on each component from purified library plasmid or a 
culture of the library strain, using the primers to add restriction sites to the ends of the 
components. The purified PCR fragments and vector plasmids are each uniquely double-
digested with the pair of restriction enzymes in NEB Buffet 4 at 3 7 °C. The digests are 
purified followed by ligation and transformation. Ttansformants are screened by test cut, test 
PCR, phenotype, or sequencing to identify correct clones. 
This process needs only slight modifications to tolerate substitutions, composite 
components, or modules from other Breadboard-constructed plasmids. Because the 
insertions described are actually substitutions of a component for the six bp between 
restriction sites, substitution operations where a larger component is removed, such as when 
substituting one gene for another differ only in that the digested vector must be gel-purified 
to remove the undesired fragment from the subsequent ligation. For composite components, 
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which are created when two components are joined using polymerase extension, compatible 
cohesive ends or other strategies that do not leave a functional restriction site scar, insertions 
or substitutions proceed in the manner described above once the composite component is 
created. Transferring modules from one breadboard plasmid to another is similar to the 
process for substitutions with the difference being in this case insert digest must be gel 
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Figure 2.1- Gene Circuit Breadboard Components and Process. Overview of the Gene 
Circuit Breadboard System. (A) Elements of the GCB Approach including vector, 
component library, and completed or intermediate constructs. (B) Process of GCB 
construction. Three assembly procedures ate shown: insertion of library component into 
empty site in MCS, substitution of library component for a component in the vector 
construct, and transfer of a module from one GCB-assembled construct to another. 
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En Reco 'tion Site Buffet Notes 
Aatii GACGTIC 
A eli AAICGTT BSA 
Aflii CITTAAG BSA 
A paLl GITGCAC BSA 
Avril CICTAGG 
BamHI-HF GIGATCC 





Kasi GIGCGCC BSA 
Kpni-HF GGTACIC 
Mfei-HF CIAATTG 
Mlui AICGCGT 50% activity 
Ncoi-HF CICATGG 
Ndei CAITATG 
Nhel-HF GICTAGC BSA 
Pcil AICATGT 50% activity 
Psti-HF CTGCAIG 
Pvuii-HF CAGICTG 




Spei AICTAGT BSA 
Sphi-HF GCATGIC 
Sspi-HF AATIATT 
Xbai TICTAGA BSA 
Xhoi CITCGAG BSA 
Xmai CICCGGG BSA 
Table 2.1- Gene Circuit Breadboard Restriction Enzymes. The enzymes specified for 
GCB use with their recognition sites and buffet requirements. The cleavage site within the 




























Figure 2.2- pKE2MCS Plasmid Map. Kanamycin Resistant Breadboard Vector Plasmid. 
It contains a kanamycin resistance module, terminator-flanked Co1E1 origin, and MCS. The 
only GCB restriction site outside of the MCS is the Pcii site intended for use in test cuts. 
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Aatn Seal Psli EcoRI Pvun 
1 gacgtctgtg caagtactac tgttctgcag tcacttgaat tcgataccca gctgggtgga 
ctgcagacac gttcatgatg acaagacgtc agtgaactta agctatgggt cgacccacct 
A pall Sphl Ad I Hindiii Kpnl 
61 gtgcaccaag gagcatgcga aggaaacgtt tcgcagaagc ttccgcaagg taccactttg 
cacgtggttc ctcgtacgct tcctttgcaa agcgtcttcg aaggcgttcc atggtgaaac 
Sa eli BsrGI BamHI Eagl Nco I 
121 ccgcggagta tttgtacatt tgaaggatcc tcaagtcggc cgcccgttcc atggatactc 
ggcgcctcat aaacatgtaa acttcctagg agttcagccg gcgggcaagg tacctatgag 
Sail Nhei Sacl AAII Ndei 
181 gtcgaccatt acgctagccg tctggagctc ggactgctta agtcgctcca tatgctcgtt 
cagctggtaa tgcgatcggc agacctcgag cctgacgaat tcagcgaggt atacgagcaa 
X mal Mfel Kasl EcoRV Avrn 
241 cccgggacta cacaattgtc ccccggcgcc agggttgata tctatcgccc tagggaccgt 
gggccctgat gtgttaacag ggggccgcgg tcccaactat agatagcggg atccctggca 
X hoi Ssp I Mlui 
301 ctcgagagaa tcaatattaa tccaacgcgt ggcatcaaat aaaacgaaag gctcagtcga 
gagctctctt agttataatt aggttgcgca ccgtagttta ttttgctttc cgagtcagct 
Figure 2.3 - Multiple Cloning Site. 360 bp of sequence common to pKE1MCS, 
pKE2MCS, pKE3MCS showing the arrangement of restriction sites in the 330 bp MCS. 
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Libr Plasmid Com onent 
Gene (Fluorescent 
pKLi011 GFPmut3b-LAA 756 Reporter) 
Gene (Fluorescent 
pKLi013 EYFP-LAA 759 Reporter) 
Gene (Fluorescent 
pKLi015 ECFP-LAA 759 Reporter) 
pKLi017 laci-LAA 1122 Gene (Repressor) 
pKLi019 tetR-LAA 663 Gene (Repressor) 
pKLi021 ci-LAA 753 Gene (Repressor) 
pKLi025 flpE-LAA 1305 Gene (Recombinase) 
pKLi027 TO 123 Terminator 
pKLi028 T1T2 231 Terminator 
pKLi030 PLtetO 74 Promoter 
pKLi031 PLs1con 558 Promoter 
pKLi032 Ptrc2 75 Promoter 
pKLi034 PBAD 286 Promoter 
Gene (Fluorescent 
pKLi037 mCherry-LAA 750 Reporter) 
pKLi047 Luxi 618 Gene (Quorum Sensing) 
pKLi048 Plux/ci 97 Promoter 
pKLi049 LuxR 756 Gene (Activator) 
pKLi051 AraC_JK_LAA 879 Gene (Activator) 
pKLi053 Plac/ara 483 Promoter 
pKLi054 PmgrB 543 Promoter 
pKLiOSS Plux 219 Promoter 
mCherry-LCOpt- Gene (Fluorescent 
pKLi056 LAA 750 Reporter) 
pKLi057 Spacer-SObp so Spacer 
pKLi058 Spacer-1 OObp 100 Spacer 
pKLi059 Spacer-250bp 250 Spacer 
pKLi060 Spacer-SOObp 500 Spacer 
Table 2.2- Gene Circuit Breadboard Component Library Contents. List of 
components optimized for GCB use and included in the Breadboard Component Library. 
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Chapter 3- Breadboard Toggle 
3.1- Background 
The genetic toggle switch (Gardner et al., 2000) was among the inaugural synthetic gene 
networks. The toggle consists of two mutually repressive nodes. Gardner et al. used two 
transcription factors that each repressed the other's promoter. One of the toggles they 
developed used Lad and TetR to repress P trc2 and PLteto respectively. Transient application of 
the chemical inducers IPTG or aTe was used to switch between stable states. The state was 
monitored via a single fluorescent reporter, GFP, expressed bicistronically with TetR. The 
fluorescent signal from GFP corresponded to the TetR expression and thus the state of the 
toggle. 
The genetic toggle switch has been a popular platform for construction of switches using 
different mechanisms or in different hosts (Atkinson et al., 2003; Kramer et al., 2004; 
Marucci et al., 2009), extensions (I<.obayashi et al., 2004), and modeling work (Jv.Iarucci et al., 
2009). Given the complex behavior generated via a simple architecture and its foundational 
role with respect to the field of synthetic biology, considerable interest remains for the 
further study of the genetic toggle switch. Some particular targets of study are the toggle's 
stability and dynamics with varied transcription, translation, and protein degradation and 
novel methods for switching between states. 
26 
3.2 - Design & Construction 
In order to demonstrate the usage and advantages of the GCB approach and to develop a 
toggle both more extensible and genetically tractable, we chose to design a lad/ tetR toggle. 
Constructed entirely from GCB library components, this toggle would exhibit similar 
behavior to piKE107 (Gardner et al., 2000), but would more easily accommodate extensions 
and changes. 
One major difference between this Breadboard toggle and piKE107 was the addition of a 
second fluorescent reporter. Since the toggle switch described by Gardner and colleagues 
(2000) had a single reporter on the tetR side, the high-lad state was reported by low GFP 
fluorescent output. The addition of a second fluorescent reporter allows for a positive 
indication of each state. 
The initial design for the toggle was comprised of four genes: the two repressors, lacfXB and 
tetRGCB' and the two fluorescent reporters, GFPmut3bGCB and mCherryGCB; two promoters: 
PLtetO GCB and PLiacO GCB; and four ribosome binding sites. The genes would be expressed 
bicistronically, like the GFP reporter in piKE 107. One node was comprised of P LtetO GCB -rbs-
lac?CB -rbs-GFPmut3b GCB while the other was comprised of PLiaco GCB -rbs-tetRGCB -rbs-
mCherryGCB. These components would be inserted into the kanamycin-resistant high-copy 
GCB vector, pKE2MCS. The components that make up each node were inserted such that 
they would be transcribed in opposite directions, reducing the possibility of problems caused 
by transcriptional read-through. Each component was assigned to one of the twenty-seven 
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directional slots in the MCS, defined by the 5' and 3' restriction sites. Restriction sites were 
left between components when possible in an attempt to make the design more flexible. 
Each of the four context-specific RBSs were then designed using the RBS Calculator (Salis et 
al., 2009) taking into account the sequence of the part of the promoter that would be 
transcribed, the first 50 bases of the coding sequence of the gene, and the sequences of the 
two restriction sites that bounded the RBS. The length of the resultant RBS sequences 
allowed them to be added to the corresponding genes by two rounds of overhang PCR. This 
procedure eliminated the need to subclone the short, 40-60 bp fragments separately. 
Since the RBSs and their associated genes each comprised a single fragment, the initial toggle 
design required six fragments to be inserted into the empty pKE2MCS Breadboard vector. 
To hasten the construction and provide more useful intermediates, the two nodes of the 
toggle were constructed in parallel. The fluorescent reporters were added in the first round, 
then the repressors, and finally the promoters. Once each node was constructed, they were 
combined in a single, straightforward, "cut-and-paste" operation to yield the toggle construct 
pKDL036 (Fig. 3.1). The construct was confirmed by sequencing and then transformed into 
MG 1655.Lllaci. A laci knockout strain is required for the proper function of a toggle 
containing laci so that the genomic copy present in a wild-type strain does not interfere. 
The addition of 100 ng/mL aTe for TetR/PLtetO or 1 mM IPTG for Laci/Puaco should cause 
the corresponding repressor to de-repress its promoter and allow for expression of the genes 
driven by that promoter. Thus the desired behavior of this toggle design is that induction 
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with aTe should lead to high GFP and low mCherry fluorescent signal while IPTG induction 
should produce low GFP and high mCherry signal. Additionally, the network should 
maintain those states after induction in the absence of either inducer. 
Initial tests of the pKDL036 toggle grown overnight in the presence of either one of the 
inducers, 100 ng/mL aTe or 1 mM IPTG, showed poor expression of both fluorescent 
reporters with either inducer (Fig. 3.5). This lack of signal needed to be addressed before it 
could be determined whether the core network was functioning as intended. 
3.3 -Troubleshooting & Tuning 
Troubleshooting 
The failure of the initial toggle switch to perform as expected, or even to produce an output 
at all, highlights the difficulties in the design and construction of synthetic gene networks. In 
this case, we constructed a network based on an existing toggle, piKE107, and many of the 
components were similar or identical. The troubleshooting process in turn then highlights 
the need to be able to modify such constructs in order to best troubleshoot them. 
The lack of expression of either fluorescent reporter could have been due to any number of 
causes. In order to reduce the variables under consideration, we chose to add additional 
promoters, converting the toggle from bicistronic to monocistronic. We first placed the 
PLtetO GCB promoter immediately upstream of the RBS for GFPmut3bGCB. This insertion 
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followed the same procedure as the initial construction, yielding pKDL047 (Fig. 3.2). 
Overnight growth of pKDL047 in either MG1655pro MG1655L1/aci with or without aTe 
induction revealed that the addition of the second promoter allowed for expression of GFP 
as would be expected of a PLtetO GCB_GFPmut3bGCB construct. In MG1655pro, which 
overexpresses tetR, the GFP fluorescence was high with aTe and low without. In 
MG1655L1!aci, which does not contain a copy of tetR, there was a strong GFP signal 
regardless of the presence or absence of aTe (data not shown). These results indicate that the 
monocistronic PLteto GCB -GFPmut3bGCB module was responsive to TetR. Induction of the 
pKDL047 construct in MG1655L1/aci with IPTG failed to showed a decrease in GFP signal, 
as would be expected if the IPTG induction led to the expression ofTetR as the design 
would indicate. 
Next, we added the second Puaco GCB promoter immediately upstream of the RBS for 
mCherryGCB to pKDL047 to make pKDL049 (Fig. 3.3), a monocistronic toggle. In this case, 
the mChetty signal was low with and without IPTG in MG1655L1/aci (Fig. 3.5). Since the 
monocistronic expression ofPuaco GCB_driven mCherryGCB was unsuccessful and tests of 
pKDL047 with IPTG indicated a lack ofPuacO GCB_driven tetRGCB expression, we hypothesized 
that the source of the malfunction was the Puaco GCB. To test this, we replaced the two 
instances ofPuaco GCB in the monocistronic toggle construct, pKDL049, with Ptrc2 GcB, another 
promoter repressed by lad. 
Substituting the P trc2 GCB for the two instances ofPuacO GCB was similar to the other 
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modifications with the exception that it was necessary to gel purify the digested vector to 
remove the Puaco GCB fragment prior to ligation with the digested P trc2 GCB. This process yielded 
the P trc2 GCB monocistronic toggle construct, pKDL066 (Fig. 3.4). Overnight induction of 
pKDL066 in MG1655.b.laci with aTe or IPTG then resulted in the expected behavior: high 
GFP signal and low mCherry signal with aTe, and low GFP and high mCherry signal with 
IPTG (Fig. 3.5) Follow-up tests showed that this construct, which while able to respond as 
designed under induction, was unable to maintain the aTe-induced, high-Lad state, always 
reverting to the high-TetR, high mCherry state (data not shown). This indicates that the 
toggle construct was unbalanced, with a bias to the TetR node. 
Tuning 
The fundamental requirement fot a toggle switch designed with two mutually repressive 
nodes to function as designed is for the strength of repression of each node to be similar. 
Too large of an unbalance will bias the network towards the stronger side, leading to a 
monostable system. The parameter that must be in balance is comprised of many 
components. The parameter representing the overall strength of repression is determined by 
the promoter-driven transcription rate with without the other repressor present, the 
translation rate of the repressor, the half-life of the repressor protein, any multimerization 
needed for the repressor to function, and its affinity to the promoter it represses. 
For our system, many of these factors are not known. Given the difficulty in accurately 
quantitating each of them, we chose to adjust one factor using randomized mutations and 
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screen the resulting constructs for the desired behavior. We chose the translation initiation 
rate as the parameter to adjust because of its ease of modification, and the limited chance of 
accidentally changing other parameters in the process. Forward and reverse engineering 
predictions of translation initiation rates (Salis et al., 2009) provide much more detailed 
information about the effects of sequence on function for this parameter than many of the 
other parameters that affect the overall balance of the toggle design. 
In order to correct the bias towards TetR observed in pKDL066, either the strength of 
repression by the TetR node had to be decreased or the strength of repression of the Lacl 
node had to be increased. Because mutations are more likely to decrease function than 
increase it, we chose to make randomized mutations in the RBS associated with tctRGCB to 
dampen the translation ofTetR. The mutagenesis was performed by PCR amplification of 
the entire plasmid using 5' phosphorylated primers containing the desired mutations, 
followed by self-ligation and transformation. Six different pairs of single bp sites within the 
rbsKDL028, the RBS driving the translation ofTetR, were randomized to any of the four 
bases. The mutated ligation products were transformed directly into MG16551llaci and the 
transformants were screened for balanced toggle behavior, as determined by the ability to 
maintain an induced state for 24 hours. 
This screening occurred by a series of inductions followed by periods of maintenance and 
measurement to determine which mutants were able to maintain each state. Fourteen 
colonies derived from each of the six randomized primers were picked and grown with aTe 
in well plates for eight hours. The cultures were measured to confirm that they were in the 
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aTe-induced, high Lad, high GFP, low mCherry state. We then diluted them into a no 
inducer, maintenance condition. After 24 hours and a second dilution into the same 
condition, flow cytometry measurements indicated that five of the mutants had maintained 
their state. The cultures were then duplicated and separately induced overnight with aTe or 
IPTG. A measurement subsequent to 25 hours maintenance indicated that one of the 
mutants, pKDL069-A9, was in fact able to maintain both states for a day. This screening 
process was repeated for additional colonies from the original transformation with the 
identification of several more mutants that were able to maintain either state for at least a 
day. The RBSs of these candidates were sequenced and all of the successful mutants shared 
the same mutations, introduced via the SDM. The sequencing of the rest of pKDL069-A9 
revealed an undesired mutation arising from a mistake in the design of the !ac?CB -reverse 
primer. A single round of specified SDM was carried out to correct the issue, yielding the 
final toggle construct, pKDL071 (Fig. 3.6, 3.7). 
3.4- Degradation Tag Conversion 
To better study the switching dynamics of mutually repressive genetic toggle switch 
networks, we converted the balanced toggle construct, pKDL071 into several other toggle 
constructs that feature the use of ssr.A degradation tag variants (Andersen et al., 1998). These 
tags are 13 residues or 39 bases long. We added them to each of the genes that comprise the 
toggle. Given that we were modifying one third of the components that comprised the 
toggle (4 genes out of 12 components), and that they were not contiguous, methods for 
DNA assembly that lack provisions for substitutions would require the reconstruction of 
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nearly the entire construct from the initial components. 
Because the toggle was constructed using the Breadboard approach, all of the restriction 
sites flanking the genes remain unique and can be used for a direct substitution of each 
degradation-tagged gene for its original (Fig. 3.8). The flexibility provided by the GCB design 
also allows for the substitutions to be performed in any order. Taking advantage of this, we 
made the substitutions in parallel, introducing the tags to the j:epressors and fluorescent 
reporters separately and then combining the variants to arrive at a construct with all of the 
genes possessing degradation tags. Not only was the construction rapid- the substitution of 
all four genes comprising the toggle with the tagged versions occurred in three rounds of 
subcloning over five days - but we also obtained two additional useful constructs, with the 
tags on either the fluorescent reporters or the repressors. 
We followed this process to add the ASV variant of the ssr.A degradation tag (Andersen et 
al., 1998) to each of the genes in toggles yielding additional toggle constructs in which either 
the repressors, the fluorescent j:eporters, or all four genes (pKDL1 05 -Fig. 3.9) were tagged. 
3.5 - Performance 
The complex nature of the genetic toggle switch network yields numerous quantifiable 
behaviors. Since the defining property of a genetic toggle switch is bistability, we focused on 
assaying the ability to switch between states and to maintain each state. Switching from one 
state to the other is accomplished by the addition of a chemical inducer that derepresses the 
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repressor, allowing for the transcription of the other repressor. The IPTG-induced switching 
of pKDL071 in MG1655.6.1aci from the high Lad, high GFP state to the high TetR, high 
mCherry state is shown in Figure 3.10. The switching is evidenced by the progressive 
increase in mCherry and the degradation of GFP. Following switching, the toggle maintained 
its state when grown overnight without inducer. We also examined the ability of the 
Breadboard toggle, pKDL071, to maintain its state for longer time periods. Figure 3.12 
shows the toggle immediately after overnight induction into each state and having 
maintained each state following 72 hours of growth without inducers, with twice-daily 
dilutions. 
The addition of the ASV variants of ssr.A degradation tags to the genes in the toggle was 
evident in the decreased signal from the fluorescent reporters. Figure 3.11 shows the same 
IPTG-induced switching and maintenance for pKDL105 that was performed on pKDL071. 
Though it did decrease the fluorescent output of the network, the addition of the ASV tags 
did not compromise the stability of the network. Future work could conduct further studies 
on the switching dynamics and effect of the degradation tags on the duration of induction 
required to switch the toggle. These results though, indicate the GCB-based construction 









































Figure 3.1- pKDL036 Plasmid Map. Bicisttonic initial Breadboru:d toggle construct. 
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Figure 3.3 - pKDL049 Plasmid Map. Monocisttonic Breadboard toggle construct with 







































Figure 3.4 - pKDL066 Plasmid Map. Monocistronic Bteadboru:d toggle with P trc2 GCB 
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Figure 3.5- Breadboard Toggle Construct Inductions. Breadboard Toggle Constructs 








































Figure 3.6 - pKDL071 Plasmid Map. Breadboard Genetic Toggle Switch. The only 




Figure 3. 7 - pKDL071 Schematic. Schematic of monocistronic genetic toggle switch. 
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Figure 3.8- ASV Toggle Conversion. Schematic showing the substitution of ASV tagged 
genes fot the original untagged genes .in the genetic toggle switch. This construction 









































Figure 3.9- pKDL105 Plasmid Map. ASV Toggle. The genetic toggle switch with each 
gene replaced by an ASV tagged version. 
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IPTG Induction Maintain 
0:00 0:45 2:00 5:15 
mCherry (a.u.) 
Figure 3.10- Toggle Switching and Maintenance. pKDL071, the Breadboard toggle, in 
MG1655~/aci. Following 8 hr. aTe induction, and overnight maintenance, the culture was 
diluted 1:1000 and grown for 2:45 hrs. IPTG was spiked into the culture to a final 
concentration of 1 mM. The induction was monitored with two color flow cytometty for 
5:15 hrs. Subsequently, the culture was diluted 1:1000 and maintained overnight. 
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Figure 3.11- ASV Toggle Switching and Maintenance. pKDL105, the ASV version of 
the SS?:A-tagged Breadboard toggle, in MG1655~/aci. Following 8 hr. aTe induction, and 
overnight maintenance, the culture was diluted 1:1000 and grown for 2:45 hrs. IPTG was 
spiked into the culture to a final concentration of 1 mM. The induction was monitored with 
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Figure 3.12 -Toggle Maintenance. pKDL071, the Breadboru:d toggle in MG1655.6.laci. 
Cultu.tes were induced overnight with either 1mM IPTG or 100 ng/mL aTe for the two 
induction panels. The cultu.tes were then maintained for 72 without inducers, with 
alternating 8 and 16 hour 1:1000 dilutions. 
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Chapter 4- Feed-Forward Loops 
4.1- Background 
In addition to the facilitating rapid design, construction, tuning and troubleshooting, the 
GCB approach facilitates the repurposing of devices and modules. Altering a construct that 
has already been validated can leverage much of the work to verify and tune the source 
construct in the development of the new synthetic gene network. Given the limited selection 
of components used in synthetic gene networks thus far, the use of similar components in 
different contexts is common. 
To demonstrate of the flexibility afforded by GCB design and construction, we designed 
three and four-node coherent feed-forward loops that could be constructed using the toggle 
switch, pKDL071 as a starting point. This reuse of not just intermediates, but complete, 
functional networks can minimize construction efforts by avoiding the need to rebuild 
modules and save on tuning by preserving portions of useable networks. 
Feed-forward loops (FFLs) are network motifs common among naturally occurring genetic 
pathways often implicated in generating complex dynamics, accelerating and delaying 
responses, generating pulsatile behavior, and cooperativity (J\1angan and Alon, 2003; Mangan 
et al., 2003; Wallet al., 2005). These natural FFLs consist of two transcription factors with 
one regulating the other and each regulating the expression of a third gene. They are 
classified by the sign of the regulatory interactions, with coherent FFLs having the same sign 
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of regulation between the direct and indirect paths and incoherent FFLs having opposite 
signs. The motifs are further characterized by the sign of each regulatory interaction and the 
logic of the interaction between the regulatory paths. The ability to both study these 
naturally occurring network motifs and to engineer complex dynamics make FFLs promising 
targets for synthetic gene network development. 
Coherent FFLs can act as a sign-sensitive delay element in response to a step input, but also 
function as a persistence detector when presented with pulsed inputs, only responding to 
suprathreshold-length pulses (Mangan and Alon 2003;Shenn-Ott et al., 2003). The threshold 
pulse length should depend on the time for each gene's expression, the degradation rate of 
the genes, and the number of regulatory elements in the indirect path. By constructing both 
three and four-node versions, the response of the network to the additional node can be 
determined. 
4.2 - Construction 
We used the basic layout of the expression units that form the toggle architecture (Chapter 
3.2), and designed the feed-forward loops such that they would preserve as many of the 
components as possible. The designs (Fig. 4.1 & 4.2) allowed for rapid construction, with 
the 3FFL requiring only two insertions and two substitutions and the 4FFL requiring an 
additional insertion and two additional substitutions. The designs also address the need for 
the first node to both repress the next node in the indirect path and to activate the final node 
in the direct path by coexpressing the repressor TetR and the activator AraC. 
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The transformation took place as depicted in Fig. 4.3. To hasten the subcloning process, we 
used NEB Turbo, a cloning strain that grows ~40% faster than wild-type E. coli. This 
allowed for each round of subcloning to be completed in ~24 hours. Four rounds of 
subcloning accomplished in five days yielded both the initial three and four-node constructs. 
The initial3FFL and 4FFL constructs, pKDL092 and pKDL096 respectively, were 
confirmed by sequencing and transformed into MG1655..6.laci.LlaraCBAD which was required 
so that genomic copies of laci and araC do not confound the performance of the plasmid-
based FFLs. Initial tests of the FFLs grown overnight in the presence of inducers failed to 
show activation of the terminal reporter, the P1ac/ara GCB -driven mCherryGCB. Further tests and 
tuning were required to produce the functional FFLs. 
4.3-Tuning 
Three-node fiedforward loop 
We considered the 3FFL first because it contains fewer changes from the toggle and the 
presence of the GFP reporter, which reports on the state of the second node. All of the 
inductions described below for the tuning of the FFLs consisted of overnight inductions in 
LB+Km plus one or more of the following: 20 nM AHL to activate LuxR, 0.01% ara to 
activate AraC, 100 ng/mL aTe to derepress TetR, 1mM IPTG to derepress Lad, and SOmM 
MgCl2• The 3FFL should be on in LB+Km+ara and off in LB+Km+ara+MgC12• The 4FFL 
should be on inLB+Km+ara+AHL and off in LB+Km+ara+AHL+MgC12• 
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We began by confirming that the reporters worked as expected. We confirmed that the 
P1ac/ara GCB -driven mCherry was able to turn on via induction with lPTG and ara (data not 
shown). We then confirmed the PLtetO GCB_driven GFP responded to aTe (data not shown). 
Without those inducers, we would expect for the absence of MgC12 to activate the native 
PhoPQ two-component regulatory system in turn activating the P mgrB GCB promoter and 
therefore expression of tetR and araC. The TetR produced should then repress the PLtetO GCB 
promoter. However, PLteto GCB driven GFP signal remained high when pKDL092, the 3FFL, 
was induced with or without MgC12• This indicated that there was not enough TetR to 
repress the PLtetO GcB. Insufficient tetRGCB expression in the absence ofMg++ would also 
explain the lack of mCherry activation, as the signal would have been stalling at the TetR 
node. 
To tune the system so that the signal could be conveyed through the TetR node, we tested 
several RBS variants for the TetR RBS. In the context of the 3FFL with P mgrB GcB. the RBS 
that had been in place in the toggle was predicted to have a translation initiation rate of 
1843.4 arbitrary units (Salis et al., 2009). We then used the same model to forward engineer 
two RBSs each at target translation initiation rates of 10,000 and 100,000 a.u. These new 
RBSs were added to the tetRGCB gene by PCR and directly substituted for the RBS and tetRGCB 
components in pKDL092. Tests of the constructs with the new RBSs showed that one of 
the RBSs with the targeted translation initiation rate of 10,000 au was able to perform as 
expected, with the addition of MgClz (data not shown). The 3FFL with the new RBS was 
encoded by pKDL106d (Fig. 4.4). The same RBS was introduced into the 4FFL, pKDL096, 
to create pKDL107d. 
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Four-node fledforward loop 
Tests of pKDL071 d revealed a failure to activate when induced with the absence of MgCJ..z, 
AHL, and arabinose (data not shown). Because it was known from the successfu13FFL, 
pKDL106, that the reporter was capable of activation, we suspected that one of the new 
components, luxRGCB or P1ux was not tuned appropriately. Since overexpression of lad would 
be required for either of those components to shut off P1ac/ara -driven mCherry expression, we 
chose to adjust the RBS that mediated the translation of the P1ux-driven lac?cn. Three primer 
pairs with different pairs of bases surrounding the Shine-Dalgarno sequence in the RBS 
randomized were used to amplify lac?CB and append the RBS with mutations. A substitution 
of these fragments for the existing RBS-lac?CB elements produced a number of mutants. 
Colonies were picked into the induced and uninduced conditions and screened for 
activation. Eight cultures were selected and recharacterized. The colony showing the greatest 
activation was denoted as pKDL108 (Fig. 4.5). 
4.4 - Performance 
Since these incoherent feed-forward loops should act as persistence detectors (Mangan and 
Alon 2003; Shenn-Orr et al., 2003), we chose to subject them to induction pulses of varying 
length and determine the effect of the additional node on their ability to discriminate pulse 
lengths. Figure 4.6 shows the response of the 3FFL, pKDL106d, and the 4FFL, pKDL108 
to up to eight-hour induction pulses. Both FFLs respond to longer pulses and do not 
activate in response to shorter responses. The 3FFL displays approximately twenty-fold 
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activation to pulses of 6.5 hours or longer. The 4FFL on the other hand, has a higher off 
state, and only activates by approximately three-fold. The increased baseline fluorescence is 
likely explained by the weakening of the lacfXB RBS, which would increase the P1ac/ara-driven 
mCherry expression. We also expect the strength of activation to decrease in the four-node 
network as the additional node provides one more opportunity for imperfectly matched 
nodes and signal dissipation. 
In addition to demonstrating activation of the FFL networks, Figure 4.6 demonstrates that 
the addition of the fourth node to the network increases the threshold pulse length by 
approximately one to two hours. This result demonstrates the adjustment of a network's 
behavior by changes to its architecture facilitated by the flexibility and access to component 






Figure 4.1- Three-Node Feed Forward Loop Schematic. Schematic for 3FFL 
constructed from the toggle switch construct, pKDL071. The chemical inducers arabinose, 
aTe, and ITPG modulate the effect of their associated transcription factors. The network is 
triggered by the activation of PmgrB, with the mCherryGCB reporter conveying the output. 
aTe arabinose 
l .l t+ . : 
T 
IPTG 
Figure 4.2- Four-Node Feed Forward Loop Schematic. Schematic for 4FFL 
constructed from the toggle switch construct, pKDL071, by way of the 3FFL. The chemical 
inducers AHL, arabinose, aTe, and ITPG modulate the effect of their associated 
transcription factors. The network is triggered by the activation of PmgrB, with the 
mCherryGCB reporter conveying the output. 
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Figure 4.3- Toggle to Feed Forward Conversion. Construction schematic for the 
conversion of the Breadboard toggle to the 3FFL and 4FFL. The construction took place in 
three parallel tracks totaling nine subcloning steps occurring over five days. The construction 
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Figure 4.5 - pKDL108 Plasmid Map. Plasmid encoding a foru:-node coherent feed 
forward loop. 
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Figure 4.6 - FFL Pulse Response. mCher.ty fluorescent output of 3FFL and 4FFL in 
response to induction pulses. Cultures of pKDL106d and pKDL108 in 
MG1655illaciilaraCBAD were grown overnight at 30 °C in the off condition, 50 mM MgClz 
and 0.01% arabinose for the 3FFL and 50 mM MgC]z, 0.01% arabinose, and 20 nM AHL for 
the 4FFL. They were diluted 1:1000 into technical triplicates in the on condition: 0.01% 
arabinose for the 3FFL, 0.01% arabinose and 20 nM AHL for the 4FFL. At the indicated 
time, MgClz was spiked into the cultures to a final concentration of 50 mM. The cultures 
were measured by the flow cytometry at 8 hrs with the average and standard deviation of the 
triplicate cultures' geometric means reported. 
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Chapter 5 -Discussions and Conclusions 
5.1- Comparison to Other Approaches 
Because the different approaches to synthetic gene network construction use different 
mechanisms, there are not universal parameters for comparisons. The approaches can be 
divided on the basis of those that use binary assembly such as GCB or Biobricks™ 
compared to those that assemble multiple fragments in single reactions such as Gibson, 
CPEC, or Golden Gate cloning. There are advantages and disadvantages to both 
approaches, and although they both work to assemble DNA, it is difficult to direcdy 
compare them. Multiple assembly methods connect components more rapidly, but do not 
produce intermediates that can be useful separately or for tuning and troubleshooting. 
With comparisons to multiple assembly methods hindered, GCB can be compared to the 
prevalent Biobricks™ assembly. Both GCB and Biobricks™ use restriction enzymes to add 
single components at a time. While the specific mechanism, assembly of a given set of 
components, assuming the components were already optimized for use with that approach, 
would require the same number of assembly steps, and when parallelized, would J:equire the 
same number of rounds. Because many synthetic gene network components are shared due 
to the limited number of well-characterized orthogonal components, many networks are not 
constructed from initial components, but instead use modules already assembled for other 
purposes. While this is at the core of the Breadboard approach, Biobricks™ does allow for 
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the reuse of modules already assembled, but only complete intermediates, not parts of 
assembled constructs. 
To try and compare GCB to Biobricks™ we considered the number of rounds and assembly 
steps required to construct the three main networks described in this thesis: a genetic toggle 
switch (Chapter 3) and a three and a four-node feed forward loop (Chapter 4). While the 
need to make modifications to tune and troubleshoot was clearly evidenced by the 
development of the networks in this thesis, we will assume that each network will function 
as designed for the purposes of this comparison. The genetic toggle switch is comprised of 
twelve genetic elements: four each of promoters, RBSs, and genes. If we assume no 
intermediates are available for this initial construction, both GCB and Biobricks TM assembly 
would proceed in a strictly binary fashion (Figure 5.1) requiring eleven assembly reactions 
over four rounds. 
As shown in Figure 4.3, Breadboard assembly of the 3FFL using insertions to the interior of 
the network and substitutions of the components required five reactions over three rounds. 
Assembly of the same components in a strictly binary assembly, but using intermediates 
from the toggle construction requires seven steps over four rounds (Fig. 5.2). This assumes 
that the initial assembly occurred in the manner most favorable to this subsequent assembly. 
If the initial assembly had created different intermediates, such as by combining the 
promoters and RBSs in the first step rather than the RBSs and genes, the Biobricks™ or 
other binary assembly of the 3FFL would require several additional steps. 
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The GCB assembly of both the 3FFL ap.d 4FFLJrom the toggle required a total of nine 
steps over four rounds (Fig 4.3). Perfo~g a. };>inary assembly of both FFLs together would 
require thirteen assembly steps occurring. PIT}~ four rounds (Fig. 5.2, 5.3). This is also highly . ~ \ ... 
dependent upon which intermediates,are:~y~"Qle from the prior assembly, and would 
require additional rounds if the initial tts~em}JJy had occurred differendy. Overall though, 
given the most favorable order of assembly;"'Biobricks™-style binary assembly of each 
~ ~ ~f·~ 
network would require four more clorung ;reatfions than leveraging the flexibility of GCB 
...,~,~ ...... ~· ..-;.., ~, 
constructs by making substitutions and #J.sercions . .. 
This comparison serves to highlight the~advanJ;ages of the ability to make changes to 
assembled constructs to facilitate rapid ~~.~e~Q.~y: When the modifications that were actually 
required to tune these networks are co~si~e~eq,: .the benefits of the GCB approach are even 
more evident. While GCB would not .far~ as ;w_ell in a similar comparison to multiple 
assembly methods that strictly focuses on as~e.mbly, the inclusion of tuning and 
-,_ ...... 
• ...;:>-
troubleshooting steps would reveal the adv:?l.ltages of the Breadboard approach. 
5.2 - Hyprid Approaches 
While the Gene Circuit Breadboard as pre~en!ed here is a complete approach to design, 
layout, construction, and modification of syn$etic gene networks, it can also be applied in 
conjunction with other assembly methods. Th<?.parallelized restriction enzyme-based binary 
assembly used in the Breadboard approach can be rapid, generate potentially useful 
intermediates, and allow for verification of each insertion. Other approaches, particularly 
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Golden Gate, CPEC, and Gibson allow for the assembly of multiple fragments in one step. 
For sufficiently large or complex constructs, these methods may offer a significant advantage 
in the speed of construction compared to GCB or other binary assembly approaches. Direct 
implementation of these single-step assembly protocols, though, sacrifice the post-
construction flexibility afforded by the BJ:eadboard approach. 
A hybrid approach may address both needs, allowing for a single assembly step while 
maintaining access to each component via unique double-digest with Breadboard enzymes. 
Such an approach would use one of the sequence independent methods such as CPEC, 
Gibson, or other future methods including improved de novo synthesis to assemble 
Breadboard restriction site-flanked, Breadboard-optimized components. By using 
components lacking Breadboard restriction sites and inserting sites between components, 
the assembled construct would be indistinguishable from a GCB assembled construct. The 
same post-construction modification and substitutions made possible by GCB assembly 
would therefore still be available. 
This hybrid approach could serve as a convenient bridge from conventional cloning 
approaches to a future dominated by cheaper synthesis options. 
5.3- Conclusions 
This thesis presents the Gene Circuit Breadboard, an approach to the design and 
construction of synthetic gene networks that makes use of genetic components lacking a set 
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of restriction sites in order to maintain the uniqueness of those restriction sites during 
construction, and therefore facilitate modifications for tuning, troubleshooting, or 
repurposing. We specified a set of restriction enzymes, eliminating some variability in design 
choices that result in mistakes in design or execution. We then constructed a family of high-
copy cloning vectors featuring an MCS that establishes twenty-seven slots to accommodate 
genetic elements. A library of commonly used genetic elements lacking internal instances of 
Breadboard restriction sites was generated. The use of library components or others lacking 
Breadboard sites maintains the uniqueness of the MCS restriction sites and therefore access 
to each MCS slot by unique double-digest. 
Using this Breadboard approach, we constructed a genetic toggle switch. Foil owing initial 
assembly, we performed troubleshooting and tuning that demonstrated the need for and use 
of post-construction ,modifications in synthetic gene network development, and yielded a 
Breadboard-constructed bistable toggle. We then modified the toggle by rapidly substituting 
ssrA degradation-tagged variants of each of the genes for the originals. 
Demonstrating the GCB's flexibility in the reuse of constructs, we transformed the 
Breadboard toggle into three and four-node coherent FFLs in five days. Both FFL 
constructs required Breadboard-enabled tuning to achieve the desired performance. Once 
tuned, the FFLs responded only to persistent signals, with the threshold for the extra node 
increasing the threshold by approximately an hour when comparing the 4FFL to the 3FFL. 
Similar to Biobricks™ or other binary addition methods in time or steps required for 
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assembly, the GCB outshines this competition when commonly required tuning or 
troubleshooting are considered and shows even greater benefits when the reuse of 
constructs is considered. Furthermore, the core Breadboard concept, usage of components 
that lack internal instances of a specified set of restriction sites, is adaptable to current and 
future advances in assembly methods and de novo synthesis. The assembly or synthesis of 
networks formed from the.components or sequences in the Breadboard library would enable 
the same ease of direct post-construction substitutions. 
Already being used in the development of several other synthetic gene networks (R. Afeyan, 
E. Cameron; personal communication), future work will expand upon the complement of 
components optimized for Breadboard use, particularly with the development of additional 
cloning vectors with varied copy numbers or host specificity. 
The tractability of GCB constructs permits the adoption of iterative design strategies for the 
development of synthetic gene networks, strategies that provide a needed tool for further 
progress in synthetic gene networks. 
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(GFP) (RBS) (PLtetO) (lad) (RBS) (PLtetO) Ptrc2 RBS tetR Ptrc2 RBS mCherry 
Figure 5.1- Binary A~sembly of Genetic Toggle Switch. Tree diagram depicting the 
binary assembly of genetic toggle switch components. Such an assembly strategy could be 
used in a Biobricks™ approach. The assembly, which minimizes rounds of cloning, requires 
11 sub cloning reactions over 4 rounds. Genes were paired to RBSs in the first round, 
promoters were added to form genetic expression units in the second. In the third round, 
genetic expression units were combined to form each node of the genetic toggle switch. The 
assembly in the fourth and last round combined the two nodes to form the complete 
network. The parentheses indicate reversed orientation. 
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( GFP)-(RBS)-(PLtetO)-(lacl)-(RBS)-(PLtetO) PrngrB RBS-tetR RBSAraC TO Plac/ara RBS-mCherry 
Figure 5.2 -Binary Assembly of 3FFL. Tree diagram showing the binary assembly of the 
3FFL design using components from genetic toggle switch binary assembly. Such an 
assembly strategy could be used in a Biobricks™ approach. Components in parentheses are 
in the .reverse orientation. Components joined by dashes would have been assembled in the 
course of the genetic toggle switch assembly in Fig. 5.1. This assembly requires 7 reactions 
over 4 .rounds of subcloning by taking advantage of previously assembled components. 
(luxR) (RBS) (PLtetO) (Tl T2) (lac!-RBS) (Plux) PmgrB-RBS-tetR-RBSAraC-TO-Plac.ara-RBS-mCherry 
Figure 5.3 - Binary Assembly of 4FFL. Tree diagram showing the binary assembly of the 
4FFL design using components previously assembled in genetic toggle switch (Fig. 5.1) or 
3FFL (Fig. 5.2). Such an assembly strategy could be used in a Biobricks™ approach. 
Components in parentheses are in the reverse orientation. Components joined by dashes 





A.1.1- Plasmid Construction 
Molecular biology procedures were carried out as described previously (Sambrook and 
Russell, 2001). De novo DNA synthesis was performed by DNA2.0 (Menlo Park, CA). 
Oligonucleotides used for PCR or sequencing primers were obtained from Integrated DNA 
Technologies (Coralville, IA). Phusion polymerase, dNTPs, restriction enzymes, CIP, T4 
DNA Ligase, and 2-log Ladder were obtained from NEB (Ipswitch, MA). DNA was isolated 
from cultures, or purified from reactions or agarose gels using QIAprep Miniprep, QIAquick 
PCR Purification Kits, and QIAquick Gel Extraction Kits respectively from QIAGEN 
(Valencia, CA). For transformation, subcloning efficiency DH50 were obtained from 
Invitrogen (Grand Island, NY), subcloning efficiency NEB 5-alpha and high efficiency NEB 
TURBO were obtained from NEB or competent cells were generated as described 
previously (Sambrook and Russell, 2001). Cultures were grown in LB-miller and plated on 
LB-miller agar from Thermo Fisher Scientific, (Pittsburgh, P A). Unless noted otherwise, 
cultures were grown at 37 °C with shaking at 300 rpm for the liquid cultures. 50 ug/mL 
Carbenicillin from Fisher, 50 ug/mL Kanamycin from Sigma-Aldrich (St. Louis, MO), or 34 
ug/mL Chloramphenicol from Sigma-Aldrich were used for selection, following 1:1000 
dilution from 1000x stocks (Cb, Km in water, Cm in EtOH). Final constructs were sequence 
verified by Beckman Coulter Genomics (Danvers, MA) or Genewiz (Cambridge, MA). 
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A.1.2 - Flow Cytometry 
All fluorescent analysis was performed using a F ACSAriaii (BD Biosciences) running on a 
medium flow rate. Events were gated using small forward and side scatter gates to minimize 
fluorescent variation due to cell size. For scatter plots, a representative sample of the gated 
data was plotted. For the quantitative studies, the geometric mean of samples with a 
fluorescence greater than 0.1 a.u. was calculated. 
A.1.3- Genetic Toggle Switch 
The genetic toggle switch constructs were tested in MG1655.6.laci or MG1655pro with actual 
toggle behavior queried in MG1655.6.laci. We grew the strains in M9 media supplemented 
with 50 ug/mL Kanamycin, 0.2% glucose (Sigma), and 0.05% cassaminoacids (Fisher)to 
retard growth. Cultures were diluted 1:1000 after no more than 16 hours. For induction, the 
toggles were diluted 1:1000 into media with either 100 ng/mL aTe or 1 mM IPTG (Fisher). 
A.1.4- FFL 
FFL constructs were tested in MG1655.6.laciLlaraCBAD. Strains were grown in LB with 50 
ug/mL Kanamycin. For the 3FFL, induction conditions were 0.01% arabinose, and 
uninduced cultures had 0.01% arabinose and 50mM MgC~ (Sigma). For the 4FFL, cultures 
were induced with 0.01% arabinose and 20 nM AHL (Sigma) and uninduced with and 50mM 
/ 
MgC12, 0.01% arabinose, and 20 nM AHL. Cultures were grown overnight in the uninduced 
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condition at 30 °C and then diluted 1:1000 into either induced or uninduced and typically 
measured after 8 hours of growth at 3 7 °C. 
A.2 - Breadboard Vector Sequences 
LOCUS pKE1-MCS 2376 bp DNA CIRCULARSYN 
DEFINITION Carbenicillin-Resistant, ColE1 ori, GCB Vector 
ACCESSION pKE1-MCS 
FEATURES Location/ Qualifiers 




/product="transcriptional terminator from rmB operon" 
misc_signal 437 . .437 
/gene="C->T (Avril)" 
misc_feature 442 .. 1249 
/gene="Co1E1"GCB" 
/product="High Copy Origin of Replication" 
misc_signal 839 .. 839 
/gene="G->C (ApaLI)" 
misc_signal 1250 .. 1250 
/gene="A->G (Spei)" 
misc_feature 1256 .. 1361 
/gene="TO" 
/product="transcriptional terminator from phage lambda" 
CDS complement (1256 .. 1361) 
/gene="TO" 
CDS complement (1386 .. 2246) 
/gene="Beta-lactamase"GCB 11 
misc_feature 2273 
/ gene="Transcription Start" 
misc_signal complement (2290 .. 2295) 
/gene="-10 Box" 
misc_signal complement (2311 .. 2316) 
/ gene="-35 Box" 
BASE COUNT 587 a 614 c 586 g 589 t 
ORIGIN 
1 gacgtctgtg caagtactac tgttctgcag tcacttgaat tcgataccca gctgggtgga 
61 gtgcaccaag gagcatgcga aggaaacgtt tcgcagaagc ttccgcaagg taccactttg 
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II 
121 ccgcggagta tttgtacatt tgaaggatcc tcaagtcggc cgcccgttcc atggatactc 
181 gtcgaccatt acgctagccg tctggagctc ggactgctta agtcgctcca tatgctcgtt 
241 cccgggacta cacaattgtc ccccggcgcc agggttgata tctatcgccc tagggaccgt 
301 ctcgagagaa tcaatattaa tccaacgcgt ggcatcaaat aaaacgaaag gctcagtcga 
361 aagactgggc ctttcgtttt atctgttgtt tgtcggtgaa cgctctcctg agtaggacaa 
421 atccgccgcc ctagacttag gcgttcggct gcggcgagcg gtatcagctc actcaaaggc 
481 ggtaatacgg ttatccacag aatcagggga taacgcagga aagaacatgt gagcaaaagg 
541 ccagcaaaag gccaggaacc gtaaaaaggc cgcgttgctg gcgtttttcc ataggctccg 
601 cccccctgac gagcatcaca aaaatcgacg ctcaagtcag aggtggcgaa acccgacagg 
661 actataaaga taccaggcgt ttccccctgg aagctccctc gtgcgctctc ctgttccgac 
721 cctgccgctt accggatacc tgtccgcctt tctcccttcg ggaagcgtgg cgctttctca 
781 tagctcacgc tgtaggtatc tcagttcggt gtaggtcgtt cgctccaagc tgggctgtct 
841 gcacgaaccc cccgttcagc ccgaccgctg cgccttatcc ggtaactatc gtcttgagtc 
901 caacccggta agacacgact tatcgccact ggcagcagcc actggtaaca ggattagcag 
961 agcgaggtat gtaggcggtg ctacagagtt cttgaagtgg tggcctaact acggctacac 
1021 tagaaggaca gtatttggta tctgcgctct gctgaagcca gttaccttcg gaaaaagagt 
1081 tggtagctct tgatccggca aacaaaccac cgctggtagc ggtggttttt ttgtttgcaa 
1141 gcagcagatt acgcgcagaa aaaaaggatc tcaagaagat cctttgatct tttctacggg 
1201 gtctgacgct cagtggaacg aaaactcacg ttaagggatt ttggtcatgg ctagtgcttg 
1261 gattctcacc aataaaaaac gcccggcggc aaccgagcgt tctgaacaaa tccagatgga 
1321 gttctgaggt cattactgga tctatcaaca ggagtccaag ccaattcgta aacttggtct 
1381 gacagttacc aatgcttaat cagtgaggca cctatctcag cgatctgtct atttcgttca 
1441 tccatagttg cctgactccc cgtcgtgtag ataactacga tacgggaggg cttaccatct 
1501 ggccccagtg ctgcaatgat accgcgagac ccacgctcac cggctccaga tttatcagca 
1561 ataaaccagc cagccggaag ggccgagcgc agaagtggtc ctgcaacttt atccgcctcc 
1621 atccagtcta ttaattgttg ccgggaagct agagtaagta gttcgccagt taatagtttg 
1681 cgcagcgttg ttgccattgc tacaggcatc gtggtgtcac gctcgtcgtt tggtatggct 
17 41 tcattcagct ccggttccca acgatcaagg cgagttacat gatcccccat gttgtgcaaa 
1801 aaagcggtta gctccttcgg tcctccgatc gttgtcagaa gtaagttggc cgcagtgtta 
1861 tcactcatgg ttatggcagc actgcataat tctcttactg tcatgccatc cgtaagatgc 
1921 ttttctgtga ctggtgagta ttcaaccaag tcattctgag aatagtgtat gcggcgaccg 
1981 agttgctctt gcccggcgtc aatacgggat aataccgcgc cacatagcag aactttaaaa 
2041 gtgctcatca ttggaaagcg ttcttcgggg cgaaaactct caaggatctt accgctgttg 
2101 agatccagtt cgatgtaacc cactcgcgca cccaactgat cttcagcatc ttttactttc 
2161 accagcgttt ctgggtgagc aaaaacagga aggcaaaatg ccgcaaaaaa gggaataagg 
2221 gcgacacgga aatgttgaat actcatactc ttcctttttc agtattattg aagcatttat 
2281 cagggttatt gtctcatgag cggatacata tttgaatgta tttagaaaaa taaacaaata 
2341 ggggttccgc gcacatttcc ccgaaaagtg ccacct 
LOCUS pKE2_MCS 2317 bp DNA CIRCULAR SYN 
DEFINITION Kanamycin-Resistant, ColE1 ori, GCB Vector 
ACCESSION pKE2_MCS 
FEATURES Location/ Qualifiers 
misc_feature complement (1367 .. 1) 
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I gene="KanR /\GCB" 
misc_featw:e 331..435 
lgene="T1" 
lproduct="transcriptional terminator from rmB operon" 
misc_signal complement (382 .. 401) 
I gene= "spKDL020" 
misc_signal complement (437..437) 
lgene="C->T (Avril)" 
misc_featw:e 442 .. 1249 
I gene="ColE1 /\GCB " 
lproduct="High Copy Origin of Replication" 
misc_signal complement (839 .. 839) 
lgene="G->C (ApaLl)" 
misc_signal complement (1250 .. 1250) 
lgene="A->G (Spel)" 
misc_featw:e 1256 .. 1361 
lgene="TO" 
lproduct="transcriptional terminator from phage lambda" 
CDS complement (1387 .. 2181) 
lgene="KanR/\GCB" 
misc_signal 224 7 .. 2266 
I gene="spKDL019" 
BASE COUNT 543 a 668 c 611 g 495 t 
ORIGIN 
1 gacgtctgtg caagtactac tgttctgcag tcacttgaat tcgataccca gctgggtgga 
61 gtgcaccaag gagcatgcga aggaaacgtt tcgcagaagc ttccgcaagg taccactttg 
121 ccgcggagta tttgtacatt tgaaggatcc tcaagtcggc cgcccgttcc atggatactc 
181 gtcgaccatt acgctagccg tctggagctc ggactgctta agtcgctcca tatgctcgtt 
241 cccgggacta cacaattgtc ccccggcgcc agggttgata tctatcgccc tagggaccgt 
301 ctcgagagaa tcaatattaa tccaacgcgt ggcatcaaat aaaacgaaag gctcagtcga 
361 aagactgggc ctttcgtttt atctgttgtt tgtcggtgaa cgctctcctg agtaggacaa 
421 atccgccgcc ctagacttag gcgttcggct gcggcgagcg gtatcagctc actcaaaggc 
481 ggtaatacgg ttatccacag aatcagggga taacgcagga aagaacatgt gagcaaaagg 
541 ccagcaaaag gccaggaacc gtaaaaaggc cgcgttgctg gcgtttttcc ataggctccg 
601 cccccctgac gagcatcaca aaaatcgacg ctcaagtcag aggtggcgaa acccgacagg 
661 actataaaga taccaggcgt ttccccctgg aagctccctc gtgcgctctc ctgttccgac 
721 cctgccgctt accggatacc tgtccgcctt tctcccttcg ggaagcgtgg cgctttctca 
781 tagctcacgc tgtaggtatc tcagttcggt gtaggtcgtt cgctccaagc tgggctgtct 
841 gcacgaaccc cccgttcagc ccgaccgctg cgccttatcc ggtaactatc gtcttgagtc 
901 caacccggta agacacgact tatcgccact ggcagcagcc actggtaaca ggattagcag 
961 agcgaggtat gtaggcggtg ctacagagtt cttgaagtgg tggcctaact acggctacac 
1021 tagaaggaca gtatttggta tctgcgctct gctgaagcca gttaccttcg gaaaaagagt 
1081 tggtagctct tgatccggca aacaaaccac cgctggtagc ggtggttttt ttgtttgcaa 
1141 gcagcagatt acgcgcagaa aaaaaggatc tcaagaagat cctttgatct tttctacggg 
1201 gtctgacgct cagtggaacg aaaactcacg ttaagggatt ttggtcatgg ctagtgcttg 
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II 
1261 gattctcacc aataaaaaac gcccggcggc aaccgagcgt tctgaacaaa tccagatgga 
1321 gttctgaggt cattactgga tctatcaaca ggagtccaag ccaattctcg aaccccagag 
1381 tcccgctcag aagaactcgt caagaaggcg atagaaggcg atgcgctgcg aatcgggagc 
1441 ggcgataccg taaagcacga ggaagcggtc agcccattcg ccgccaagct cttcagcaat 
1501 atcacgggta gccaacgcta tgtcctgata gcggtccgcc acacccagcc ggccacagtc 
1561 gatgaatcca gaaaagcggc cattttccac catgatattc ggcaagcagg catcgccgtg 
1621 ggtcacgacg agatcctcgc cgtcgggcat acgcgccttg agcctggcga acagttcggc 
1681 tggcgcgagc ccctgatgct cttcgtccag atcatcctga tcgacaagac cggtttccat 
17 41 ccgagtacgt gctcgctcga tgcgatgttt cgcttggtgg tcgaatgggc aggtagccgg 
1801 atcaagcgta tgcagccgcc gcattgcatc agccatgatg gatactttct cggcaggagc 
1861 aaggtgagat gacaggagat cctgccccgg cacttcgccc aatagcagcc agtcccttcc 
1921 cgcttcagtg acaacgtcga gcacagccgc gcaaggaacg cccgtcgtgg ccagccacga 
1981 tagccgcgct gcctcgtctt gcagttcatt cagggcaccg gacaggtcgg tcttgacaaa 
2041 aagaaccggg cgaccctgcg ctgacagccg gaacacggcg gcatcagagc agccgattgt 
2101 ctgttgtgcc cagtcatagc cgaatagcct ctccacccaa gccgccggag aacctgcgtg 
2161 caatccatct tgttcaatca tgcgaaacga tcctcatcct gtctcttgat cagatcttga 
2221 tcccctgcgc catcagatcc ttggcggcaa gaaagccatc cagtttactt tgcagggctt 
2281 cccaacctta ccagagggcg gcccaactgg caattcc 
LOCUS pKE3_MCS 2337 bp DNA CIRCULAR SYN 
DEFINITION Chloramphenicol-Resistant, ColE1 ori, GCB Vector 
ACCESSION pKE3_MCS 
FEATURES Location/ Qualifiers 
misc_feature 331..435 
/gene="T1" 
/product="ttanscriptional terminator from ttnB operon" 
misc_signal 437 .. 437 
/gene="C->T (Avril)" 
misc_feature 442 .. 1249 
/ gene="ColE1 /\GCB" 
/product="High Copy Origin of Replication" 
misc_signal 839 .. 839 
/gene="G->C (ApaLI)" 
misc_signal 1250 .. 1250 
/gene="A->G (Spel)" 
m.isc_feature 1256 .. 1361 
/gene="TO" 
/product="ttanscriptional terminator from phage lambda" 
CDS complement (1256 .. 1361) 
/gene="TO" 
misc_signal 1420 .. 1420 
/gene="C->T Seal" 
misc_signal 1525 .. 1525 
/gene="T->C Ssp!" 
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misc_signal 1537 .. 1537 
lgene="C->T Ncol" 
misc_signal 1750 .. 1750 
I gene="G->C Acll" 
misc_signal 1834 .. 1834 
I gene= "C->T EcoRI" 
misc_signal 1939 .. 1939 
I gene="G-> A Pvull" 
CDS complement (1393 .. 2052) 
I gene="cat"GCB " 
I product= "Chloramphenicol Acetyltransferase" 
misc_signal complement (2065 . .2071) 
I gene="Sbine-Dalgarno region" 
misc_signal complement (2093 .. 2098) 
lgene="-10 box" 
misc_signal complement (2117 .. 2122) 
lgene="-35 box" 
misc_feature complement (2076 .. 2125) 
I gene="Promoter" 
BASE COUNT 599 a 582 c 566 g 590 t 
ORIGIN 
1 gacgtctgtg caagtactac tgttctgcag tcacttgaat tcgataccca gctgggtgga 
61 gtgcaccaag gagcatgcga aggaaacgtt tcgcagaagc ttccgcaagg taccactttg 
121 ccgcggagta tttgtacatt tgaaggatcc tcaagtcggc cgcccgttcc atggatactc 
181 gtcgaccatt acgctagccg tctggagctc ggactgctta agtcgctcca tatgctcgtt 
241 cccgggacta cacaattgtc ccccggcgcc agggttgata tctatcgccc tagggaccgt 
301 ctcgagagaa tcaatattaa tccaacgcgt ggcatcaaat aaaacgaaag gctcagtcga 
361 aagactgggc ctttcgtttt atctgttgtt tgtcggtgaa cgctctcctg agtaggacaa 
421 atccgccgcc ctagacttag gcgttcggct gcggcgagcg gtatcagctc actcaaaggc 
481 ggtaatacgg ttatccacag aatcagggga taacgcagga aagaacatgt gagcaaaagg 
541 ccagcaaaag gccaggaacc gtaaaaaggc cgcgttgctg gcgtttttcc ataggctccg 
601 cccccctgac gagcatcaca aaaatcgacg ctcaagtcag aggtggcgaa acccgacagg 
661 actataaaga taccaggcgt ttccccctgg aagctccctc gtgcgctctc ctgttccgac 
721 cctgccgctt accggatacc tgtccgcctt tctcccttcg ggaagcgtgg cgctttctca 
781 tagctcacgc tgtaggtatc tcagttcggt gtaggtcgtt cgctccaagc tgggctgtct 
841 gcacgaaccc cccgttcagc ccgaccgctg cgccttatcc ggtaactatc gtcttgagtc 
901 caacccggta agacacgact tatcgccact ggcagcagcc actggtaaca ggattagcag 
961 agcgaggtat gtaggcggtg ctacagagtt cttgaagtgg tggcctaact acggctacac 
1021 tagaaggaca gtatttggta tctgcgctct gctgaagcca gttaccttcg gaaaaagagt 
1081 tggtagctct tgatccggca aacaaaccac cgctggtagc ggtggttttt ttgtttgcaa 
1141 gcagcagatt acgcgcagaa aaaaaggatc tcaagaagat cctttgatct tttctacggg 
1201 gtctgacgct cagtggaacg aaaactcacg ttaagggatt ttggtcatgg ctagtgcttg 
1261 gattctcacc aataaaaaac gcccggcggc aaccgagcgt tctgaacaaa tccagatgga 
1321 gttctgaggt cattactgga tctatcaaca ggagtccaag ccaattctgc accaataact 
1381 gccttaaaaa aattacgccc cgccctgcca ctcatcgcaa tactgttgta attcattaag 
71 
II 
1441 cattctgccg acatggaagc catcacagac ggcatgatga acctgaatcg ccagcggcat 
1501 cagcaccttg tcgccttgcg tatagtattt gcccatagtg aaaacggggg cgaagaagtt 
1561 gtccatattg gccacgttta aatcaaaact ggtgaaactc acccagggat tggctgagac 
1621 gaaaaacata ttctcaataa accctttagg gaaataggcc aggttttcac cgtaacacgc 
1681 cacatcttgc gaatatatgt gtagaaactg ccggaaatcg tcgtggtatt cactccagag 
17 41 cgatgaaaag gtttcagttt gctcatggaa aacggtgtaa caagggtgaa cactatccca 
1801 tatcaccagc tcaccgtctt tcattgccat acgaaattcc ggatgagcat tcatcaggcg 
1861 ggcaagaatg tgaataaagg ccggataaaa cttgtgctta tttttcttta cggtctttaa 
1921 aaaggccgta atatccagtt gaacggtctg gttataggta cattgagcaa ctgactgaaa 
1981 tgcctcaaaa tgttctttac gatgccattg ggatatatca acggtggtat atccagtgat 
2041 ttttttctcc attttagctt ccttagctcc tgaaaatctc gataactcaa aaaatacgcc 
2101 cggtagtgat cttatttcat tatggtgaaa gttggaacct cttacgtgcc gatcaacgtc 
2161 tcattttcgc caaaagttgg cccagggctt cccggtatca acagggacac caggatttat 
2221 ttattctgcg aagtgatctt ccgtcacagg tatttattcg gcgcaaagtg cgtcgggtga 
2281 tgctgccaac ttactgattt agtgtatgat ggtgtttttg aggtgctcca gtggctt 
A.3 - Breadboard Component Library Sequences 
LOCUS GFP-LAA 756 bp DNA LINEAR SYN 
DEFINITION Gene (Fluorescent Reporter) 
ACCESSION pKLi011 
FEATURES Location/ Qualifiers 
CDS 1..756 
/gene= "GFPmut3b-LAA "GCB 11 
misc_signal 99 .. 118 
/ gene="spKDL021" 
misc_signal complement (99 .. 118) 
/ gene="spKDL022" 
misc_signal 168 .. 168 
/ gene="A->G Ncoi" 
misc_signal 231..231 
/gene="T->C Ndei" 
misc_signal 27 6 .. 27 6 
/gene="T->C BsrGI" 
misc_signal 561 .. 561 
/gene="A->G Mfel" 
misc_signal 675 .. 675 
/ gene="A->C Pvuii" 
misc_signal 715 .. 756 
72 
/ gene="LAA tag" 
BASE COUNT 254 a 152 c 156 g 194 t 
ORIGIN 
II 
1 atgcgtaaag gagaagaact tttcactgga gttgtcccaa ttcttgttga attagatggt 
61 gatgttaatg ggcacaaatt ttctgtcagt ggagagggtg aaggtgatgc aacatacgga 
121 aaacttaccc ttaaatttat ttgcactact ggaaaactac ctgttccgtg gccaacactt 
181 gtcactactt tcggttatgg tgttcaatgc tttgcgagat acccagatca catgaaacag 
241 catgactttt tcaagagtgc catgcccgaa ggttacgtac aggaaagaac tatatttttc 
301 aaagatgacg ggaactacaa gacacgtgct gaagtcaagt ttgaaggtga tacccttgtt 
361 aatagaatcg agttaaaagg tattgatttt aaagaagatg gaaacattct tggacacaaa 
421 ttggaataca actataactc acacaatgta tacatcatgg cagacaaaca aaagaatgga 
481 atcaaagtta acttcaaaat tagacacaac attgaagatg gaagcgttca actagcagac 
541 cattatcaac aaaatactcc gattggcgat ggccctgtcc ttttaccaga caaccattac 
601 ctgtccacac aatctgccct ttcgaaagat cccaacgaaa agagagacca catggtcctt 
661 cttgagtttg taaccgctgc tgggattaca catggcatgg atgaactata caaaactagc 
721 gcagcgaacg acgaaaatta cgcccttgca gcgtga 
LOCUS EYFP-LAA 759 bp DNA LINEAR SYN 
DEFINITION Gene (Fluorescent Reporter) 
ACCESSION pKLi013 
FEATURES Location/ Qualifiers 
CDS 1 .. 759 
/ gene="EYFP-LAA "GCB" 
misc_signal 207 .. 207 
/ gene="G->C Psti" 
misc_signal 714 .. 714 
/ gene="C->T BsrGI" 
misc_signal 718 .. 759 
/gene= "LAA tag" 
BASE COUNT 183 a 252 c 213 g 111 t 
ORIGIN 
1 atggtgagca agggcgagga gctgttcacc ggggtggtgc ccatcctggt cgagctggac 
61 ggcgacgtaa acggccacaa gttcagcgtg tccggcgagg gcgagggcga tgccacctac 
121 ggcaagctga ccctgaagtt catctgcacc accggcaagc tgcccgtgcc ctggcccacc 
181 ctcgtgacca ccttcggcta cggcctccag tgcttcgccc gctaccccga ccacatgaag 
241 cagcacgact tcttcaagtc cgccatgccc gaaggctacg tccaggagcg caccatcttc 
301 ttcaaggacg acggcaacta caagacccgc gccgaggtga agttcgaggg cgacaccctg 
361 gtgaaccgca tcgagctgaa gggcatcgac ttcaaggagg acggcaacat cctggggcac 
421 aagctggagt acaactacaa cagccacaac gtctatatca tggccgacaa gcagaagaac 
481 ggcatcaagg tgaacttcaa gatccgccac aacatcgagg acggcagcgt gcagctcgcc 
541 gaccactacc agcagaacac ccccatcggc gacggccccg tgctgctgcc cgacaaccac 
601 tacctgagct accagtccgc cctgagcaaa gaccccaacg agaagcgcga tcacatggtc 
661 ctgctggagt tcgtgaccgc cgccgggatc actctcggca tggacgagct gtataagact 
721 agcgcagcga acgacgaaaa ttacgccctt gcagcgtga 
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II 
LOCUS ECFP-LAA 759 bp DNA LINEAR SYN 
DEFINITION Gene (Fluorescent Reporter) 
ACCESSION pKLi015 
PEA TURES Location/ Qualifiers 
CDS 1..759 
/ gene="ECFP-LAAAGCB" 
misc_signal 714 .. 714 
/ gene="C->T BsrGI" 
misc_signal 718 .. 759 
/ gene="LAA tag" 
BASE COUNT 183 a 254 c 214 g 108 t 
ORIGIN 
II 
1 atggtgagca agggcgagga gctgttcacc ggggtggtgc ccatcctggt cgagctggac 
61 ggcgacgtaa acggccacaa gttcagcgtg tccggcgagg gcgagggcga tgccacctac 
121 ggcaagctga ccctgaagtt catctgcacc accggcaagc tgcccgtgcc ctggcccacc 
181 ctcgtgacca ccctgacctg gggcgtgcag tgcttcagcc gctaccccga ccacatgaag 
241 cagcacgact tcttcaagtc cgccatgccc gaaggctacg tccaggagcg caccatcttc 
301 ttcaaggacg acggcaacta caagacccgc gccgaggtga agttcgaggg cgacaccctg 
361 gtgaaccgca tcgagctgaa gggcatcgac ttcaaggagg acggcaacat cctggggcac 
421 aagctggagt acaactacat cagccacaac gtctatatca ccgccgacaa gcagaagaac 
481 ggcatcaagg ccaacttcaa gatccgccac aacatcgagg acggcagcgt gcagctcgcc 
541 gaccactacc agcagaacac ccccatcggc gacggccccg tgctgctgcc cgacaaccac 
601 tacctgagca cccagtccgc cctgagcaaa gaccccaacg agaagcgcga tcacatggtc 
661 ctgctggagt tcgtgaccgc cgccgggatc actctcggca tggacgagct gtataagact 
721 agcgcagcga acgacgaaa~ ttacgccctt gcagcgtga 
LOCUS laci-LAA 1122 bp DNA LINEAR SYN 
DEFINITION Gene (Repressor) 
ACCESSION pKLi017 
FEATURES Location/ Qualifiers 
CDS 1..1122 
/ gene="lacl-LAA AGCB" 
misc_signal 16 .. 16 
/ gene="T->C Acli" 
misc_signal 18 .. 18 
/ gene="A->G Acli" 
misc_signal 333 .. 333 
/gene="G->T ApaLI" 
misc_signal 351 .. 351 
/ gene="A->G Mlui" 
misc_signal 431 . .450 
/ gene="spKDL025" 
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misc_signal complement (431 .. 450) 
/ gene="spKDL026" 
misc_signal 801..801 
/ gene="T ->C EcoRV" 
misc_signal 993 .. 993 
/ gene="G->T I<asi" 
misc_signal 1081..1122 
/ gene="LAA tag" 
BASE COUNT 253 a 313 c 318 g 238 t 
ORIGIN 
II 
1 atgaaaccag taacgctgta cgatgtcgca gagtatgccg gtgtctctta tcagaccgtt 
61 tcccgcgtgg tgaaccaggc cagccacgtt tctgcgaaaa cgcgggaaaa agtggaagcg 
121 gcgatggcgg agctgaatta cattcccaac cgcgtggcac aacaactggc gggcaaacag 
181 tcgttgctga ttggcgttgc cacctccagt ctggccctgc acgcgccgtc gcaaattgtc 
241 gcggcgatta aatctcgcgc cgatcaactg ggtgccagcg tggtggtgtc gatg~agaa 
301 cgaagcggcg tcgaagcctg taaagcggcg gttcacaatc ttctcgcgca gcgcgtcagt 
361 gggctgatca ttaactatcc gctggatgac caggatgcca ttgctgtgga agctgcctgc 
421 actaatgttc cggcgttatt tcttgatgtc tctgaccaga cacccatcaa cagtattatt 
481 ttctcccatg aagacggtac gcgactgggc gtggagcatc tggtcgcatt gggtcaccag 
541 caaatcgcgc tgttagcggg cccattaagt tctgtctcgg cgcgtctgcg tctggctggc 
601 tggcataaat atctcactcg caatcaaatt cagccgatag cggaacggga aggcgactgg 
661 agtgccatgt ccggttttca acaaaccatg caaatgctga atgagggcat cgttcccact 
721 gcgatgctgg ttgccaacga tcagatggcg ctgggcgcaa tgcgcgccat taccgagtcc 
781 gggctgcgcg ttggtgcgga catctcggta gtgggatacg acgataccga agacagctca 
841 tgttatatcc cgccgttaac caccatcaaa caggattttc gcctgctggg gcaaaccagc 
901 gtggaccgct tgctgcaact ctctcagggc caggcggtga agggcaatca actgttgccc 
961 gtctcactgg tgaaaagaaa aaccaccctg gctcccaata cgcaaaccgc ctctccccgc 
1021 gcgttggccg attcattaat gcaactggca cgacaggttt cccgactgga aagcgggcag 
1081 actagcgcag cgaacgacga aaattacgcc cttgcagcgt ga 
LOCUS tetR-LAA 663 bp DNA LINEAR SYN 
DEFINITION Gene (Repressor) 
ACCESSION pKLi019 
FEATURES Location/ Qualifiers 
CDS 1..663 
/ gene="tetR-LAA"GCB" 
misc_signal 7 .. 7 
/ gene="A->C Xbai" 
misc_signal 9 .. 9 
/ gene="A->T Xbai" 
misc_signal 386 . .405 
/ gene="spKDL027" 
misc_signal complement (386 . .405) 
/gene="spKDL028" 
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misc_signal 582 .. 582 
/ gene="A->C Ndei" 
misc_signal 622 .. 663 
/ gene="LAA tag" 
BASE COUNT 211 a 128 c 148 g 176 t 
ORIGIN 
II 
1 atgtctcgtt tagataaaag taaagtgatt aacagcgcat tagagctgct taatgaggtc 
61 ggaatcgaag gtttaacaac ccgtaaactc gcccagaagc taggtgtaga gcagcctaca 
121 ttgtattggc atgtaaaaaa taagcgggct ttgctcgacg ccttagccat tgagatgtta 
181 gataggcacc atactcactt ttgcccttta gaaggggaaa gctggcaaga ttttttacgt 
241 aataacgcta aaagttttag atgtgcttta ctaagtcatc gcgatggagc aaaagtacat 
301 ttaggtacac ggcctacaga aaaacagtat gaaactctcg aaaatcaatt agccttttta 
361 tgccaacaag gtttttcact agagaatgca ttatatgcac tcagcgctgt ggggcatttt 
421 actttaggtt gcgtattgga agatcaagag catcaagtcg ctaaagaaga aagggaaaca 
481 cctactactg atagtatgcc gccattatta cgacaagcta tcgaattatt tgatcaccaa 
541 ggtgcagagc cagccttctt attcggcctt gaattgatca tctgcggatt agaaaaacaa 
601 cttaaatgtg aaagtgggtc tactagcgca gcgaacgacg aaaattacgc ccttgcagcg 
661 tga 
LOCUS cl-LAA 753 bp · DNA LINEAR SYN 
DEFINITION Gene (Repressor) 
ACCESSION pKLi021 
FEATURES Location/ Qualifiers 
CDS 1..753 
/ gene="ci-LAA 1\GCB" 
misc_signal 477 . .477 
/gene="A->G Hindiii" 
misc_signal 712 .. 753 
/gene= "LAA tag" 
BASE COUNT 221 a 157 c 189 g 186 t 
ORIGIN 
1 atgagcacaa aaaagaaacc attaacacaa gagcagcttg aggacgcacg tcgccttaaa 
61 gcaatttatg aaaaaaagaa aaatgaactt ggcttatccc aggaatctgt cgcagacaag 
121 atggggatgg ggcagtcagg cgttggtgct ttatttaatg gcatcaatgc attaaatgct 
181 tataacgccg cattgcttgc aaaaattctc aaagttagcg ttgaagaatt tagcccttca 
241 atcgccagag aaatctacga gatgtatgaa gcggttagta tgcagccgtc acttagaagt 
301 gagtatgagt accctgtttt ttctcatgtt caggcaggga tgttctcacc tgagcttaga 
361 acctttacca aaggtgatgc ggagagatgg gtaagcacaa ccaaaaaagc cagtgattct 
421 gcattctggc ttgaggttga aggtaattcc atgaccgcac caacaggctc caagccgagc 
481 tttcctgacg gaatgttaat tctcgttgac cctgagcagg ctgttgagcc aggtgatttc 
541 tgcatagcca gacttggggg tgatgagttt accttcaaga aactgatcag ggatagcggt 
601 caggtgtttt tacaaccact aaacccacag tacccaatga tcccatgcaa tgagagttgt 
661 tccgttgtgg ggaaagttat cgctagtcag tggcctgaag agacgtttgg cactagcgca 
721 gcgaacgacg aaaattacgc ccttgcagcg tga 
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II 
LOCUS flpE-LAA 1305 bp DNA LINEAR SYN 
DEFINITION Gene (Repressor) 
ACCESSION pKLi025 
PEA TURES Location/ Qualifiers 
CDS 1..1305 
/ gene= 11flpE-LAA"GCB 11 
misc_signal 345 .. 345 
/ gene= 11T ->C EcoRV11 
misc_signal 507 .. 507 
/ gene= 11G->T Xhoi11 
misc_signal 508 .. 508 
/ gene= 11A->C Xhoi11 
misc_signal 510 .. 510 
/ gene= 11A->C Xhoi11 
misc_signal 564 .. 564 
/ gene= 11T ->C Mfei11 
misc_signal 594 .. 594 
/gene= 11T->G Acll11 
misc_signal 597 .. 597 
/ gene= 11T ->C Acll11 
misc_signal 1068 .. 1068 
/ gene= 11A->G Spei11 
misc_signal 1089 .. 1089 
/ gene= 11A->G Nde111 
misc_signal 1140 .. 1140 
/gene= 11A->G Mfei11 
misc_signal 1264 .. 1305 
/gene= 11LAA tag (RI linker) 11 
BASE COUNT 462 a 245 c 259 g 339 t 
ORIGIN 
1 atgagccaat ttgatatatt atgtaaaaca ccacctaagg tcctggttcg tcagtttgtg 
61 gaaaggtttg aaagaccttc aggggaaaaa atagcatcat gtgctgctga actaacctat 
121 ttatgttgga tgattactca taacggaaca gcaatcaaga gagccacatt catgagctat 
181 aatactatca taagcaattc gctgagtttc gatattgtca acaaatcact ccagtttaaa 
241 tacaagacgc aaaaagcaac aattctggaa gcctcattaa agaaattaat tcctgcttgg 
301 gaatttacaa ttattcctta caatggacaa aaacatcaat ctgacatcac tgatattgta 
361 agtagtttgc aattacagtt cgaatcatcg gaagaagcag ataagggaaa tagccacagt 
421 aaaaaaatgc ttaaagcact tctaagtgag ggtgaaagca tctgggagat cactgagaaa 
481 atactaaatt cgtttgagta tacctctcgc tttacaaaaa caaaaacttt ataccaattc 
541 ctcttcctag ctactttcat caactgtgga agattcagcg atattaagaa cgtggacccg 
601 aaatcattta aattagtcca aaataagtat ctgggagtaa taatccagtg tttagtgaca 
661 gagacaaaga caagcgttag taggcacata tacttcttta gcgcaagggg taggatcgat 
721 ccacttgtat atttggatga atttttgagg aactctgaac cagtcctaaa acgagtaaat 
77 
II 
781 aggaccggca attcttcaag caacaaacag gaataccaat tattaaaaga taacttagtc 
841 agatcgtaca acaaggcttt gaagaaaaat gcgccttatc caatctttgc tataaagaat 
901 ggcccaaaat ctcacattgg aagacatttg atgacctcat ttctgtcaat gaagggccta 
961 acggagttga ctaatgttgt gggaaattgg agcgataagc gtgcttctgc cgtggccagg 
1021 acaacgtata ctcatcagat aacagcaata cctgatcact acttcgcgct agtttctcgg 
1081 tactatgcgt atgatccaat atcaaaggaa atgatagcat tgaaggatga gactaatccg 
1141 attgaggagt ggcagcatat agaacagcta aagggtagtg ctgaaggaag catacgatac 
1201 cccgcatgga atgggataat atcacaggag gtactagact acctttcatc ctacataaat 
1261 agacgcatag cagcaaacga cgaaaactac gctttagcag cttaa 
LOCUS TO 123 bp DNA LINEAR SYN 
DEFINITION Transcriptional Terminator 
ACCESSION pKLi027 
PEA TURES Location/ Qualifiers 
misc_feature 1 .. 123 
/ gene="TO"GCB" 
misc_signal 15 .. 109 
/gene="TO" 
BASE COUNT 28 a 27 c 32 g 36 t 
ORIGIN 
II 
1 cgagaattgg cttggactcc tgttgataga tccagtaatg acctcagaac tccatctgga 
61 tttgttcaga acgctcggtt gccgccgggc gttttttatt ggtgagaatc caagcagtag 
121 tea 
LOCUS T1T2 231 bp DNA LINEAR SYN 
DEFINITION Transcriptional Terminator 
ACCESSION pKLi028 
FEATURES Location/ Qualifiers 
misc_feature 1 .. 231 
/ gene="T1 T2"GCB" 




misc_signal 190 .. 217 
/gene="T2" 
BASE COUNT 59 a 56 c 67 g 49 t 
ORIGIN 
II 
1 gctagaggca tcaaataaaa cgaaaggctc agtcgaaaga ctgggccttt cgttttatct 
61 gttgtttgtc ggtgaacgct ctcctgagta ggacaaatcc gccgggagcg gatttgaacg 
121 ctgcgaagca acggcccgga gggtggcggg caggacgccc gccataaact gccaggcatc 
181 aaattaagca gaaggccatc ctgacggatg gcctttttgc gtttctacaa a 
78 
LOCUS PLtetO 74 bp DNA LINEAR SYN 
DEFINITION Promoter 
ACCESSION pKLi030 · 
FEATURES Location/ Qualifiers 
misc_featu.te 1 .. 7 4 
/ gene="PL(tetO)"GCB" 
misc_signal 1 .. 19 
/ gene="Otet2" 
misc_signal 20 .. 25 
/ gene="-35 Box" 
misc_signal 26 . .44 
/ gene="Otet2" 
misc_signal 43 . .48 
/gene="-10 box" 
misc_featu.te 55 
/gene= "Transcription Start" 
BASE COUNT 23 a 19 c 16 g 16 t 
ORIGIN 
1 tccctatcag tgatagagat tgacatccct atcagtgata gagatactga gcacatcagc 
61 aggacgcact gacc 
II 
LOCUS PLs1con 558 bp DNA LINEAR SYN 
DEFINITION Promoter 
ACCESSION pKLi031 
FEATURES Location/ Qualifiers 
misc_featu.te 1 . .558 
/ gene="PL(s1con)"GCB" 
misc_signal 7 .. 23 
/gene="OL3" 
misc_signal 27 . .43 
/ gene="OL2" 
misc_signal 41..46 
/ gene="-35 box" 
misc_signal 51..67 
/gene="OL.1" 
misc_signal 65 .. 69 
/gene="-10 box" 
misc_featu.te 75 
/ gene="Transcription Start" 
BASE COUNT 181 a 133 c 134 g 110 t 
ORIGIN 
1 acagataacc atctgcggtg ataaattatc tctggcggtg ttgacataaa taccactggc 
61 ggtgatactg agcacatcag caggacgcac tgaccaccat gaaggtgacg ctcttaaaaa 
79 
II 
121 ttaagccctg aagaagggca gcattcaaag cagaaggctt tggggtgtgt gatacgaaac 
181 gaagcattgg ccgtaagtgc gattccggat tagctgccaa tgtgccaatc gcggggggtt 
241 ttcgttcagg actacaactg ccacacacca ccaaagctaa ctgacaggag aatccagatg 
301 gatgcacaaa cacgccgccg cgaacgtcgc gcagagaaac aggctcaatg gaaagcagca 
361 aatcccctgt tggttggggt aagcgcaaaa ccagttccga aagatttttt taactataaa 
421 cgctgatgga agcgtttatg cggaagaggt aaagcccttc ccgagtaaca aaaaaacaac 
481 agcataaata accccgctct tacacattcc agccctgaaa aagggcatca aattaaacca 
541 cacctatggt gtatgcaa 
LOCUS Ptrc2 75 bp DNA LINEAR SYN 
DEFINITION Promoter 
ACCESSION pKLi032 
FEATURES Location/ Qualifiers 
misc_feature 1..75 
/gene= "Ptrc-2"GCB" 
misc_signal 14 .. 19 
/ gene="-35 Box" 
misc_signal 3 7 . .42 
/gene="-10 box" 
misc_feature 49 
/ gene="Trans.cription Start" 
misc_signal 49 .. 69 
/ gene="Olac" 
BASE COUNT 23 a 13 c 17 g 22 t 
ORIGIN 
1 ctgaaatgag ctgttgacaa ttaatcatcc ggctcgtata atgtgtggaa ttgtgagcgg 
61 ataacaattt cacac 
II 
LOCUS PBAD 286 bp DNA LINEAR SYN 
DEFINITION Promoter 
ACCESSION pKLi034 
FEATURES Location/ Qualifiers 
misc_feature 1..286 
/ gene="pBAD"GCB" 
misc_signal 4 .. 20 
/ gene="Ara02" 
misc_signal 12 .. 12 
/ gene="T ->A Mfei" 
misc_signal 135 .. 135 
/ gene="A->G Mlui" 
misc_signal 140 .. 157 
/ gene="AraC" 
misc_signal 160 .. 177 
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/gene="AraC" 
misc_signal 182 .. 203 
/ gene="CRP-cAMP" 
misc_signal 214 .. 230 
/ gene="Arai1" 
misc_signal 235 .. 252 
/ gene="Arai2" 
misc_signal 244 .. 244 . 
/gene="C->A BamHI" 
misc_signal 245 .. 253 
/gene=" -35 box" 
misc_signal 270 .. 277 
/gene="-10 box" 
BASE COUNT 86 a 74 c 47 g 79 t 
ORIGIN 
II 
1 aagaaaccaa tagtccatat tgcatcagac attgccgtca ctgcgtcttt tactggctct 
61 tctcgctaac caaaccggta accccgctta ttaaaagcat tctgtaacaa agcgggacca 
121 aagccatgac aaaagcgcgt aacaaaagtg tctataatca cggcagaaaa gtccacattg 
181 attatttgca cggcgtcaca ctttgctatg ccatagcatt tttatccata agattagcgg 
241 atcatacctg acgcttttta tcgcaactct ctactgtttc tccata 
LOCUS mChen:y-LAA 750 bp DNA LINEAR SYN 
DEFINITION Gene (Fluorescent Reporter) 
ACCESSION pKLi037 
FEATURES Location/ Qualifiers 
CDS 1..750 
/ gene="mChen:y-LAA "GCB" 
misc_signal 63 .. 63 
/gene="G->T ApaLI" 
misc_signal 357 .. 357 
/gene="G->A Psti" 
misc_signal 435 . .435 
/gene="C->T Ncoi'' 
misc_signal 483 . .483 
/ gene="C->G I<asi" 
misc_signal 550 . .569 
/ gene="spKDL023" 
misc_signal complement (550 .. 569) 
/ gene="spKDL024" 




misc_signal 705 .. 705 
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/ gene="C->T BstGI" 
misc_signal 709 .. 750 
/gene= "LAA tag" 
BASE COUNT 178 a 233 c 230 g 109 t 
ORIGIN 
II 
1 atggtgagca agggcgagga ggataacatg gccatcatca aggagttcat gcgcttcaag 
61 gttcacatgg agggctccgt gaacggccac gagttcgaga tcgagggcga gggcgagggc 
121 cgcccctacg agggcaccca gaccgccaag ctgaaggtga ccaagggtgg ccccctgccc 
181 ttcgcctggg acatcctgtc ccctcagttc atgtacggct ccaaggccta cgtgaagcac 
241 cccgccgaca tccccgacta cttgaagctg tccttccccg agggcttcaa gtgggagcgc 
301 gtgatgaact tcgaggacgg cggcgtggtg accgtgaccc aggactcctc cctgcaagac 
361 ggcgagttca tctacaaggt gaagctgcgc ggcaccaact tcccctccga cggccccgta 
421 atgcagaaga agactatggg ctgggaggcc tcctccgagc ggatgtaccc cgaggacggc 
481 gcgctgaagg gcgagatcaa gcagaggctg aagctgaagg acggcggcca ctacgacgct 
541 gaggtcaaga ccacctacaa ggccaagaag cccgtgcaac tgcccggcgc gtacaacgtc 
601 aacatcaagt tggacatcac ctcccacaac gaggactaca ccatcgtgga acagtacgaa 
661 cgcgccgagg gccgccactc caccggcggc atggacgagc tgtataagac tagcgcagcg 
721 aacgacgaaa attacgccct tgcagcgtga 
LOCUS Luxi-LAA 618 bp DNA LINEAR SYN 
DEFINITION Gene (Quorum Sensing) 
ACCESSION pKLi047 
FEATURES Location/ Qualifiets 
CDS 1..618 
/ gene="Luxi-LAA "GCB" 
BASE COUNT 221 a 84 c 119 g 194 t 
ORIGIN 
II 
1 atgactataa tgataaaaaa atcggatttt ttggcaattc catcggagga gtataaaggt 
61 attctaagtc ttcgttatca agtgtttaag caaagacttg agtgggactt agttgtagaa 
121 aataaccttg aatcagatga gtatgataac tcaaatgcag aatatattta tgcttgtgat 
181 gatactgaaa atgtaagtgg atgctggcgt ttattaccta caacaggtga ttatatgctg 
241 aaaagtgttt ttcctgaatt gcttggtcaa cagagtgctc ccaaagatcc taatatagtc 
301 gaattaagtc gttttgctgt aggtaaaaat agctcaaaga taaataactc tgctagtgaa 
361 attacaatga aactatttga agctatatat aaacacgctg ttagtcaagg tattacagaa 
421 tatgtaacag taacatcaac agcaatagag cgatttttaa agcgtattaa agttccttgt 
481 catcgtattg gagacaaaga aattcatgta ttaggtgata ctaaatcggt tgtattgtct 
541 atgcctatta atgaacagtt taaaaaagca gtcttaaatg ctgcaaacga cgaaaactac 
601 gctttagtag cttaataa 
LOCUS Plux-ci 97 bp DNA LINEAR SYN 
DEFINITION Hybrid Ptomotet 
ACCESSION pKLi048 
FEATURES Location/ Qualifiets 
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misc_featute 1 .. 97 
/ gene= 11Plux/ cl"GCB11 
misc_signal 6 .. 25 
/ gene= 11LuxR_AHL binding site" 
misc_signal 57 .. 74 
/gene= 11 ci binding site 111 
misc_signal 81..97 
/gene= 11cl binding site 211 
BASE COUNT 26 a 17 c 24 g 30 t 
ORIGIN 
II 
1 taagcacctg taggatcgta caggtttacg caagaaaatg gtttgttata gtcgaataac 
61 accgtgcgtg ttgactattt tacctctggc ggtgata 
LOCUS LuxR 756 bp DNA LINEAR SYN 
DEFINITION Gene (Activator) 
ACCESSION pKLi049 
FEATURES Location/ Qualifiers 
CDS 1 .. 756 
/ gene= 11LuxR:"GCB 11 
misc_signal 54 .. 54 
/gene= 11T->G Hindiii11 
misc_signal 120 .. 120 
/gene= 11T->C Sspi11 
misc_signal 204 .. 204 
/ gene= 11A->G Sspi11 
misc_signal complement (196 .. 216) 
/gene= 11spKDL04311 
misc_signal 582 .. 582 
/ gene= 11A->G Sphi" 
misc_signal 618 .. 618 
/ gene= 11A->C Sspi11 
misc_signal 729 .. 729 
/gene= 11T->C Mfei11 
BASE COUNT 295 a 121 c 111 g 229 t 
ORIGIN 
1 atgaaaaaca taaatgccga cgacacatac agaataatta ataaaattaa agcgtgtaga 
61 agcaataatg atattaatca atgcttatct gatatgacta aaatggtaca ttgtgaatac 
121 tatttactcg cgatcattta tcctcattct atggttaaat ctgatatttc aatcctagat 
181 aattacccta aaaaatggag gcagtattat gatgacgcta atttaataaa atatgatcct 
241 atagtagatt attctaactc caatcattca ccaattaatt ggaatatatt tgaaaacaat 
301 gctgtaaata aaaaatctcc aaatgtaatt aaagaagcga aaacatcagg tcttatcact 
361 gggtttagtt tccctattca tacggctaac aatggcttcg gaatgcttag ttttgcacat 
421 tcagaaaaag acaactatat agatagttta tttttacatg cgtgtatgaa cataccatta 
481 attgttcctt ctctagttga taattatcga aaaataaata tagcaaataa taaatcaaac 
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II 
541 aacgatttaa ccaaaagaga aaaagaatgt ttagcgtggg cgtgcgaagg aaaaagctct 
601 tgggatattt caaaaatctt aggttgcagt gagcgtactg tcactttcca tttaaccaat 
661 gcgcaaatga aactcaatac aacaaaccgc tgccaaagta tttctaaagc aattttaaca 
721 ggagcaatcg attgcccata ctttaaaaat taataa 
LOCUS AtaC_JK-LAA 879 bp DNA LINEAR SYN 02-JUN-2011 
DEFINITION Gene (Activator) 
ACCESSION pKLi046 
FEATURES Location/ Qualifiers 
CDS 1..879 
/ gene="AtaC-L.AA_Keasling"GCB " 
misc_signal 16 .. 18 
/ gene="N6I JK" 
misc_signal 193 .. 195 
/ gene="V65G JK" 
misc_signal complement (206 . .225) 
/ gene="spKDL044" 
misc_signal 339 .. 339 
/ gene="A->C Sspi" 
misc_signal 475 . .475 
/gene="T->C Mfei" 
misc_signal 493 . .495 
/gene="E165G JK" 
misc_signal 505 . .507 
/gene="E169VJK" 
misc_signal 588 .. 588 
/gene="T->C EcoRV" 
misc_signal 670 .. 670 
/gene= "T ->C Aflli" 
misc_signal 672 .. 672 
/gene= "A->G Aflli" 
misc_signal 877 .. 879 
/ gene="C280* JK" 
BASE COUNT 186 a 231 c 246 g 216 t 
ORIGIN 
1 atggctgaag cgcaaatcga tcccctgctg ccgggatact cgtttaacgc ccatctggtg 
61 gcgggtttaa cgccgattga ggccaacggt tatctcgatt tttttatcga ccgaccgctg 
121 ggaatgaaag gttatattct caatctcacc attcgcggtc agggggtggt gaaaaatcag 
181 ggacgagaat ttggttgccg accgggtgat attttgctgt tcccgccagg agagattcat 
241 cactacggtc gtcatccgga ggctcgcgaa tggtatcacc agtgggttta ctttcgtccg 
301 cgcgcctact ggcatgaatg gcttaactgg ccgtcaatct ttgccaatac gggtttcttt 
361 cgcccggatg aagcgcacca gccgcatttc agcgacctgt ttgggcaaat cattaacgcc 
421 gggcaagggg aagggcgcta ttcggagctg ctggcgataa atctgcttga gcaactgtta 
481 ctgcggcgca tgggtgcgat taacgtgtcg ctccatccac cgatggataa tcgggtacgc 
84 
II 
541 gaggcttgtc agtacatcag cgatcacctg gcagacagca attttgacat cgccagcgtc 
601 gcacagcatg tttgcttgtc gccgtcgcgt ctgtcacatc ttttccgcca gcagttaggg 
661 attagcgtcc tgagctggcg cgaggaccaa cgcattagtc aggcgaagct gcttttgagc 
721 actacccgga tgcctatcgc caccgtcggt cgcaatgttg gttttgacga tcaactctat 
781 ttctcgcgag tatttaaaaa atgcaccggg gccagcccga gcgagtttcg tgccggtact 
841 agcgcagcga acgacgaaaa ttacgccctt gcagcgtga 
LOCUS Plac/ ara 483 bp DNA LINEAR SYN 
DEFINITION Hybrid Promoter 
ACCESSION pKLi053 




/gene= "Plac/ ara"GCB" 
misc_signal 357 .. 358 
/gene="del CAA'' 
misc_signal 376 .. 376 
/gene="C->T Sal!, Xhoi" 
misc_signal 382 . .401-
/gene=" aral1" 
misc_signal 414 . .414 
/ gene="C-> A BamHI" 
misc_signal 418 . .418 
/ gene="G->T HindU!" 
misc_signal 425 . .444 
/gene="Os" 
misc_signal 429 . .429 
/ gene="G->T Mfei" 
misc_signal 456 . .483 
/ gene="Olac1" 
misc_signal 457 . .457 
/ gene="A->G Mfei" 
BASE COUNT 162 a 104 c 111 g 106 t 
ORIGIN 
1 aattgtgagc ggataacaat ttcacacagg gccctcggac accgaggaga atgtcaagag 
61 gcgaacacac aacgtcttgg agcgccagag gaggaacgag ctaaaacgga gcttttttgc 
121 cctgcgtgac cagatcccgg agttggaaaa caatgaaaag gcccccaagg tagttatcct 
181 taaaaaagcc acagcataca tcctgtccgt ccaagcagag gagcaaaagc tcatttctga 
241 agaggacttg ttgcggaaac gacgagaaca gttgaaacac aaacttgaac agctacggaa 
301 ctcttgtgcg taaggaaaag taaggaaaac gattccttct aacagaaatg tcctgagtca 
361 cctatgaact gtcgattcga gcatagcatt tttatccata agattagcgg atcataatct 




LOCUS PmgrB 543 bp DNA LINEAR SYN 
DEFINITION Promoter 
ACCESSION pKLi054 
FEATURES Location/ Qualifiers 
misc_feature 1..543 
/ gene="PmgrB"GCB" 
misc_signal 480 . .485 
/gene="-35 box?" 
misc_signal 500 .. 500 
/ gene="G->C Sphi" 
misc_signal 509 . .514 
/gene="-10 box" 
misc_signal 518 .. 518 
/ gene="TSS" 
BASE COUNT 162 a 112 c 112 g 157 t 
ORIGIN 
II 
1 gatgagagta agaacctgtc ggaatatcaa acagacaggt tctttattta gcatgagaaa 
61 aataaagttg aaggtggcgt tatattaaac gcgcttgcta taagagtatt ttactcagga 
121 gtgagaatct ggttatttat tgcccttaac cattatcgac cacgatattg cttttgcgta 
181 acagcgggca atctgttatc cccaaaaaac cacttttagt gtgcaagtat tgtaccgtgc 
241 tggtgcctct ggcagtcaga taggtacatt gcaaacctaa tcctgcggca ttctctttgc 
301 ttccaatcaa aacgccatat ccgctgagta ataatcctat ccataccagt gctatcagca 
361 taactgtgcg aatgatgaat cgcattacaa cctcttctct ttttatgttc gcttaatcgt 
421 agcggcaata tgcgctgaag caagcgactc attccgaaaa agcacgaata tcgacatagt 
481 taggcgctgt ttaactaacc catgctagtt taatgacata aggtaggtga aacggagatt 
541 gga 
LOCUS Plux 219 bp DNA LINEAR SYN 
DEFINITION Promoter 
ACCESSION pKLi055 
FEATURES Location/ Qualifiers 
misc_feature 1..219 
/ gene="Plux"GCB" 
BASE COUNT 64 a 39 c 40 g 76 t 
ORIGIN 
II 
1 acccatctct ttatccttac ctattgtttg tcgcaagttt tgcgtgttat atatcattaa 
61 aacggtaatg gattgacatt tgattctaat aaattggatt tttgtcacac tattgtatcg 
121 ctgggaatac aattacttaa cataagcacc tgtaggatcg tacaggttta cgcaagaaaa 
181 tggtttgtta tagtcgaata tcagcaggac gcactgacc 
LOCUS mCherry-LAA-LCOpt 750 bp DNA LINEAR SYN 
86 
DEFINITION Gene (Fluorescent Reporter) 
ACCESSION pKLi056 
FEATURES Location/ Qualifiers 
CDS 1..750 
/ gene="mChen:y-LAA-LCOpt"GCB" 




misc_signal 63 .. 63 
/gene="G->T ApaLI" 
misc_signal 357 .. 357 
/gene="G->A Pstl" 
misc_signal 435 .. 435 
/ gene="C->T Nco!" 
misc_signal 483 .. 483 
/gene="C->G !<as!" 
misc_signal 550 .. 569 
/ gene="spKDL023" 
misc_signal complement (550 .. 569) 
/ gene="spKDL024" 
misc_signal 579 .. 579 
/ gene="G-> A Pvu.II" 
misc_signal 591..591 
/gene="C->G !<as!" 
misc_signal 705 .. 705 
/gene="C->T BsrGI" 
misc_signal' 709 .. 750 
/gene= "LAA tag" 
BASE COUNT 180 a 233 c 228 g 109 t 
ORIGIN 
II 
1 atggtgagca agggcgaaga agataacatg gccatcatca aggagttcat gcgcttcaag 
61 gttcacatgg agggctccgt gaacggccac gagttcgaga tcgagggcga gggcgagggc 
121 cgcccctacg agggcaccca gaccgccaag ctgaaggtga ccaagggtgg ccccctgccc 
181 ttcgcctggg acatcctgtc ccctcagttc atgtacggct ccaaggccta cgtgaagcac 
241 cccgccgaca tccccgacta cttgaagctg tccttccccg agggcttcaa gtgggagcgc 
301 gtgatgaact tcgaggacgg cggcgtggtg accgtgaccc aggactcctc cctgcaagac 
361 ggcgagttca tctacaaggt gaagctgcgc ggcaccaact tcccctccga cggccccgta 
421 atgcagaaga agactatggg ctgggaggcc tcctccgagc ggatgtaccc cgaggacggc 
481 gcgctgaagg gcgagatcaa gcagaggctg aagctgaagg acggcggcca ctacgacgct 
541 gaggtcaaga ccacctacaa ggccaagaag cccgtgcaac tgcccggcgc gtacaacgtc 
601 aacatcaagt tggacatcac ctcccacaac gaggactaca ccatcgtgga acagtacgaa 
661 cgcgccgagg gccgccactc caccggcggc atggacgagc tgtataagac tagcgcagcg 
721 aacgacgaaa attacgccct tgcagcgtga 
87 
LOCUS 50bp Spacer 50 bp DNA LINEAR SYN 
DEFINITION Spacer 
ACCESSION pKLi057 
FEATURES Location/ Qualifiers 
misc_featw:e 1..50 
/gene= 11 50bp Spacer/\GCB 11 
BASE COUNT 22 a 7 c 10 g 11 t 
ORIGIN 
1 agcttgtatt gtgagaataa tgaaagcgaa aagaaatctg ccacatacaa 
II 
LOCUS 100bp Spacer 100 bp DNA LINEAR SYN 
DEFINITION Spacer 
ACCESSION pKLi058 
FEATURES Location/ Qualifiers 
misc_featw:e 1 .. 100 
/gene= 11100bp Spacer /\GCB 11 
BASE COUNT 40 a 19 c 20 g 21 t 
ORIGIN 
1 agcttgtatt gtgagaataa tgaaagcgaa aagaaatctg ccacatacaa cattggtcaa 
61 cgaatgcatt gcgcaatcac accaaaggtt caatgcaaag 
II 
LOCUS 250bp Spacer 250 bp DNA LINEAR SYN 
DEFINITION Spacer 
ACCESSION pKLi059 
FEATURES Location/ Qualifiers 
misc_featw:e 1..250 
/gene= 11250bp Spacer/\GCB11 
BASE COUNT 89 a 46 c 55 g 60 t 
ORIGIN 
II 
1 agcttgtatt gtgagaataa tgaaagcgaa aagaaatctg ccacatacaa cattggtcaa 
61 cgaatgcatt gcgcaatcac accaaaggtt caatgcaaag gtttctatgg tcaagagagc 
121 catcgatagc ttaatacaaa agggatacct acagagggga gacgatggtg aatcgtatgc 
181 ttaccttgct taatcatctt tgaaggcttg tgctgatcga acgaagcaaa tcctacgagt 
241 aaatacataa 
LOCUS 500bp Spacer 500 bp DNA LINEAR SYN 
DEFINITION Spacer 
ACCESSION pKLi060 
FEATURES Location/ Qualifiers 
misc_featw:e 1..500 
/gene= 11 500bp Spacer/\GCB 11 
88 
BASE COUNT 163 a 82 c 109 g 146 t 
ORIGIN 
II 
1 agcttgtatt gtgagaataa tgaaagcgaa aagaaatctg ccacatacaa cattggtcaa 
61 cgaatgcatt gcgcaatcac accaaaggtt caatgcaaag gtttctatgg tcaagagagc 
121 catcgatagc ttaatacaaa agggatacct acagagggga gacgatggtg aatcgtatgc 
181 ttaccttgct taatcatctt tgaaggcttg tgctgatcga acgaagcaaa tcctacgagt 
241 aaatacataa gcgtatacat atatatatat atatatatat atatatatat atgtatatat 
301 atatatgtgt gtgtgtgtaa ttgtgtgtat tcaactgaac tatgaagagt ctttgacctc 
361 ttgagaatct catagtatga agatatggca cttctctttc cgttgtaaca tcctttaccg 
421 ggcggctttt cggcctgctt gagaagagat caggctgaaa tgatgagact gacaacaagg 
481 atcagtcagt ggcagagttg 
A.4 - Construct Sequences 
LOCUS pKDL036 5659 bp DNA CIRCULAR SYN 
DEFINITION MonocistronicLac/Tet Co1E1/KanR Toggle 
ACCESSION pKDL036 
FEATURES Location/ Qualifiers 
misc_feature complement (4709 .. 1) 
/ gene=11KanR "GCB 11 
misc_signal 97 .. 97 
/ gene= 11A->C Pvuii11 
misc_signal 211..211 
/ gene= 11A->G Mfei11 
misc_signal 496 . .496 
/gene= 11T->C BsrGI11 
misc_signal 541..541 
/gene= 11T->C Ndei11 
misc_signal 604 .. 604 
/ gene=11A->G Ncol11 
misc_signal 654 .. 673 
/gene= 11spKDL02211 
misc_signal complement (654 .. 673) 
/gene= 11spKDL021 11 
CDS complement (55 .. 771) 
/ gene= 11GFPmut3b"GCB11 
misc_signal complement (772 .. 822) 
/ gene= 11rbsKDL025 11 
misc_signal 961..961 
/ gene= 11G->T I<asi11 
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misc_signal 1153 .. 1153 
lgene="T->C EcoRV" 
misc_signal 1504 .. 1523 
I gene="spKDL026" 
misc_signal complement (1504 .. 1523) 
I gene="spKDL025" 
misc_signal 1603 .. 1603 
I gene="A->G Mlui" 
misc_signal 1621..1621 
I gene="G->T ApaLI" 
misc_signal 1936 .. 1936 
lgene="A->G Ad!" 
misc_signal 1938 .. 1938 
I gene= "T ->CAd!" 
CDS complement (871 .. 1953) 
I gene= "lacl"GCB " 
misc_signal complement (1954 . .1983) 
I gene="tbsKDL026" 
misc_featute 2009 
I gene="Transcription Start" 
misc_signal complement (2016 .. 2021) 
lgene="-10 box" 
misc_signal complement (2020 .. 2038) 
I gene="Otet2" 
misc_signal complement (2039 .. 2044) 
lgene="-35 Box" 
misc_featute complement (1990 .. 2063) 
I gene="PL(tetO) "GCB " 
misc_signal complement (2045 .. 2063) 
I gene=" Otet2" 
misc_signal 2082 .. 2102 
I gene="Olac1" 
misc_featute 2082 .. 2155 
I gene="PL(lacO)"GCB" 
misc_signal 2101..2106 
I gene="-35 box" 
misc_signal 2106 .. 2123 
I gene="Olac1" 
misc_signal 2124 .. 2129 
lgene="-10 box" 
misc_featute 2136 
I gene="Ttanscrption Start" 
misc_signal 2162 .. 2193 
I gene="rbsKDL028" 
CDS 2194 .. 2817 
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/ gene="tetR.'''GCB" 
misc_signal 2200 . .2200 
/ gene="A->C Xbai" 
misc_signal 2202 .. 2202 
/ gene="A->T Xbai" 
misc_signal 2579 .. 2598 
/ gene="spKDL027" 
misc_signal complement (2579 .. 2598) 
/ gene="spKDL028" 
misc_signal 2775 .. 2775 
/gene="A->C Ndei" 
misc_signal 2872 .. 2907 
/gene= "tbsKDL027" 
misc_signal 2907 .. 2907 
/gene="-> GNcoi" 
CDS 2908 .. 3618 
/ gene="mCherry"GCB " 
misc_signal 2970 .. 2970 
/gene="G->T (ApaLI)" 
misc_signal 3264 .. 3264 
/gene="G->A (Psti)" 
misc_signal 3342 .. 3342 
/gene="C->T (Ncoi)" 
misc_signal 3390 .. 3390 
/gene="C->G (I<asi)" 
misc_signal 3457 .. 3476 
/ gene="spKDL023" 
misc_signal complement (3457 .. 3476) 
/ gene="spKDL024" 
misc_signal 3486 .. 3486 
/gene="G->A (Pvuii)" 
misc_signal 3498 .. 3498 
/gene="C->G (I<asi)" 
misc_signal 3612 .. 3612 
/gene="C->T (BstGI)" 
misc_featute 3673 .. 3777 
/gene="T1" 
/ptoduct="transcriptional tetminatot from ttnB opeton" 
misc_signal complement (3724 .. 3743) 
/ gene="spKDL020" 
misc_signal 3779 .. 3779 
/gene="C->T (Avtii)" 
misc_featute 3784 . .4591 
/gene="ColE1"GCB" 
/ptoduct="High Copy Origin of Replication" 
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misc_signal 4181 . .4181 
/gene="G->C (ApaLI)" 




/product="transcriptional terminator from phage lambda" 
CDS complement (4729 . .5523) 
/gene="KanR"GCB" 
misc_signal 5589 .. 5608 
/ gene="spKDL019" 
BASE COUNT 1385 a 1504 c 1459 g 1311 t 
ORIGIN 
1 gacgtctgtg caagtactac tgttctgcag tcacttgaat tcgataccca gctgttattt 
61 gtatagttca tccatgccat gtgtaatccc agcagcggtt acaaactcaa gaaggaccat 
121 gtggtctctc ttttcgttgg gatctttcga aagggcagat tgtgtggaca ggtaatggtt 
181 gtctggtaaa aggacagggc catcgccaat cggagtattt tgttgataat ggtctgctag 
241 ttgaacgctt ccatcttcaa tgttgtgtct aattttgaag ttaactttga ttccattctt 
301 ttgtttgtct gccatgatgt atacattgtg tgagttatag ttgtattcca atttgtgtcc 
361 aagaatgttt ccatcttctt taaaatcaat accttttaac tcgattctat taacaagggt 
421 atcaccttca aacttgactt cagcacgtgt cttgtagttc ccgtcatctt tgaaaaatat 
481 agttctttcc tgtacgtaac cttcgggcat ggcactcttg aaaaagtcat gctgtttcat 
541 gtgatctggg tatctcgcaa agcattgaac accataaccg aaagtagtga caagtgttgg 
601 ccacggaaca ggtagttttc cagtagtgca aataaattta agggtaagtt ttccgtatgt 
661 tgcatcacct tcaccctctc cactgacaga aaatttgtgc ccattaacat caccatctaa 
721 ttcaacaaga attgggacaa ctccagtgaa aagttcttct cctttacgca tgtgcactac 
781 ctccttggtt gtctatgcta tgctgatcta caactggcat gcgaaggaaa cgtttcgcag 
841 aagcttccgc aaggtaccac tttgccgcgg tcactgcccg ctttccagtc gggaaacctg 
901 tcgtgccagt tgcattaatg aatcggccaa cgcgcgggga gaggcggttt gcgtattggg 
961 agccagggtg gtttttcttt tcaccagtga gacgggcaac agttgattgc ccttcaccgc 
1021 ctggccctga gagagttgca gcaagcggtc cacgctggtt tgccccagca ggcgaaaatc 
1081 ctgtttgatg gtggttaacg gcgggatata acatgagctg tcttcggtat cgtcgtatcc 
1141 cactaccgag atgtccgcac caacgcgcag cccggactcg gtaatggcgc gcattgcgcc 
1201 cagcgccatc tgatcgttgg caaccagcat cgcagtggga acgatgccct cattcagcat 
1261 ttgcatggtt tgttgaaaac cggacatggc actccagtcg ccttcccgtt ccgctatcgg 
1321 ctgaatttga ttgcgagtga gatatttatg ccagccagcc agacgcagac gcgccgagac 
1381 agaacttaat gggcccgcU!- acagcgcgat ttgctggtga cccaatgcga ccagatgctc 
1441 cacgcccagt cgcgtaccgt cttcatggga gaaaataata ctgttgatgg gtgtctggtc 
1501 agagacatca agaaataacg ccggaacatt agtgcaggca gcttccacag caatggcatc 
1561 ctggtcatcc agcggatagt taatgatcag cccactgacg cgctgcgcga gaagattgtg 
1621 aaccgccgct ttacaggctt cgacgccgct tcgttctacc atcgacacca ccacgctggc 
1681 acccagttga tcggcgcgag atttaatcgc cgcgacaatt tgcgacggcg cgtgcagggc 
17 41 cagactggag gtggcaacgc caatcagcaa cgactgtttg cccgccagtt gttgtgccac 
1801 gcggttggga atgtaattca gctccgccat cgccgcttcc actttttccc gcgttttcgc 
1861 agaaacgtgg ctggcctggt tcaccacgcg ggaaacggtc tgataagaga caccggcata 
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1921 ctctgcgaca tcgtacagcg ttactggttt cattgtacac cctctcctta tattgggacc 
1981 tatggatccg gtcagtgcgt cctgctgatg tgctcagtat ctctatcact gatagggatg 
2041 tcaatctcta tcactgatag ggacggccgc ccgttccatg gaattgtgag cggataacaa 
2101 tttacattgt gagcggataa caagatactg agcacatcag caggacgcac tgaccgtcga 
2161 ccgccttcgg cgaagctagg gagtagagct agcatgtctc gtttagataa aagtaaagtg 
2221 attaacagcg cattagagct gcttaatgag gtcggaatcg aaggtttaac aacccgtaaa 
2281 ctcgcccaga agctaggtgt agagcagcct acattgtatt ggcatgtaaa aaataagcgg 
2341 gctttgctcg acgccttagc cattgagatg ttagataggc accatactca cttttgccct 
2401 ttagaagggg aaagctggca agatttttta cgtaataacg ctaaaagttt tagatgtgct 
2461 ttactaagtc atcgcgatgg agcaaaagta catttaggta cacggcctac agaaaaacag 
2521 tatgaaactc tcgaaaatca attagccttt ttatgccaac aaggtttttc actagagaat 
2581 gcattatatg cactcagcgc tgtggggcat tttactttag gttgcgtatt ggaagatcaa 
2641 gagcatcaag tcgctaaaga agaaagggaa acacctacta ctgatagtat gccgccatta 
2701 ttacgacaag ctatcgaatt atttgatcac caaggtgcag agccagcctt cttattcggc 
2761 cttgaattga tcatctgcgg attagaaaaa caacttaaat gtgaaagtgg gtcttgagag 
2821 ctcgga,ctgc ttaagtcgct ccatatgctc gttcccggga ctacacaatt gagtattaac 
2881 tatcgttcaa ctgataggga ggcgccgatg gtgagcaagg gcgaggagga taacatggcc 
2941 atcatcaagg agttcatgcg cttcaaggtt cacatggagg gctccgtgaa cggccacgag 
3001 ttcgagatcg agggcgaggg cgagggccgc ccctacgagg gcacccagac cgccaagctg 
3061 aaggtgacca agggtggccc cctgcccttc gcctgggaca tcctgtcccc tcagttcatg 
3121 tacggctcca aggcctacgt gaagcacccc gccgacatcc ccgactactt gaagctgtcc 
3181 ttccccgagg gcttcaagtg ggagcgcgtg atgaacttcg aggacggcgg cgtggtgacc 
3241 gtgacccagg actcctccct gcaagacggc gagttcatct acaaggtgaa gctgcgcggc 
3301 accaacttcc cctccgacgg ccccgtaatg cagaagaaga ctatgggctg ggaggcctcc 
3361 tccgagcgga tgtaccccga ggacggcgcg ctgaagggcg agatcaagca gaggctgaag 
3421 ctgaaggacg gcggccacta cgacgctgag gtcaagacca cctacaaggc caagaagccc 
3481 gtgcaactgc ccggcgcgta caacgtcaac atcaagttgg acatcacctc ccacaacgag 
3541 gactacacca tcgtggaaca gtacgaacgc gccgagggcc gccactccac cggcggcatg 
3601 gacgagctgt ataagtaaga tatctatcgc cctagggacc gtctcgagag aatcaatatt 
3661 aatccaacgc gtggcatcaa ataaaacgaa aggctcagtc gaaagactgg gcctttcgtt 
3721 ttatctgttg tttgtcggtg aacgctctcc tgagtaggac aaatccgccg ccctagactt 
3781 aggcgttcgg ctgcggcgag cggtatcagc tcactcaaag gcggtaatac ggttatccac 
3841 agaatcaggg gataacgcag gaaagaacat gtgagcaaaa ggccagcaaa aggccaggaa 
3901 ccgtaaaaag gccgcgttgc tggcgttttt ccataggctc cgcccccctg acgagcatca 
3961 caaaaatcga cgctcaagtc agaggtggcg aaacccgaca ggactataaa gataccaggc 
4021 gtttccccct ggaagctccc tcgtgcgctc tcctgttccg accctgccgc ttaccggata 
4081 cctgtccgcc tttctccctt cgggaagcgt ggcgctttct catagctcac gctgtaggta 
4141 tctcagttcg gtgtaggtcg ttcgctccaa gctgggctgt ctgcacgaac cccccgttca 
4201 gcccgaccgc tgcgccttat ccggtaacta tcgtcttgag tccaacccgg taagacacga 
4261 cttatcgcca ctggcagcag ccactggtaa caggattagc agagcgaggt atgtaggcgg 
4321 tgctacagag ttcttgaagt ggtggcctaa ctacggctac actagaagga cagtatttgg 
4381 tatctgcgct ctgctgaagc cagttacctt cggaaaaaga gttggtagct cttgatccgg 
4441 caaacaaacc accgctggta gcggtggttt ttttgtttgc aagcagcaga ttacgcgcag 
4501 aaaaaaagga tctcaagaag atcctttgat cttttctacg gggtctgacg ctcagtggaa 
4561 cgaaaactca cgttaaggga ttttggtcat ggctagtgct tggattctca ccaataaaaa 
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II 
4621 acgcccggcg gcaaccgagc gttctgaaca aatccagatg gagttctgag gtcattactg 
4681 gatctatcaa caggagtcca agccaattct cgaaccccag agtcccgctc agaagaactc 
4 7 41 gtcaagaagg cgatagaagg cgatgcgctg cgaatcggga gcggcgatac cgtaaagcac 
4801 gaggaagcgg tcagcccatt cgccgccaag ctcttcagca atatcacggg tagccaacgc 
4861 tatgtcctga tagcggtccg ccacacccag ccggccacag tcgatgaatc cagaaaagcg 
4921 gccattttcc accatgatat tcggcaagca ggcatcgccg tgggtcacga cgagatcctc 
4981 gccgtcgggc atacgcgcct tgagcctggc gaacagttcg gctggcgcga gcccctgatg 
5041 ctcttcgtcc agatcatcct gatcgacaag accggcttcc atccgagtac gtgctcgctc 
5101 gatgcgatgt ttcgcttggt ggtcgaatgg gcaggtagcc ggatcaagcg tatgcagccg 
5161 ccgcattgca tcagccatga tggatacttt ctcggcagga gcaaggtgag atgacaggag 
5221 atcctgcccc ggcacttcgc ccaatagcag ccagtccctt cccgcttcag tgacaacgtc 
5281 gagcacagcc gcgcaaggaa cgcccgtcgt ggccagccac gatagccgcg ctgcctcgtc 
5341 ttgcagttca ttcagggcac cggacaggtc ggtcttgaca aaaagaaccg ggcgaccctg 
5401 cgctgacagc cggaacacgg cggcatcaga gcagccgatt gtctgttgtg cccagtcata 
5461 gccgaatagc ctctccaccc aagccgccgg agaacctgcg tgcaatccat cttgttcaat 
5521 catgcgaaac gatcctcatc ctgtctcttg atcagatctt gatcccctgc gccatcagat 
5581 ccttggcggc aagaaagcca tccagtttac tttgcagggc ttcccaacct taccagaggg 
5641 cggcccaact ggcaattcc 
LOCUS pKDL066 5797 bp DNA CIRCULAR SYN 
DEFINITION Lac/Tet pTrc2 Monocistronic Toggle 
ACCESSION pKDL066 
FEATURES Location/ Qualifiers 
misc_feature complement (4847 .. 1) 
/ gene= 11Kan.R. "GCB" 
misc_signal 97 .. 97 
/ gene= 11A->C Pvuii11 
misc_signal 211 .. 211 
/ gene= 11A->G Mfei11 
misc_signal 496 . .496 
/gene= 11T->C BsrGI11 
misc_signal 541 .. 541 
/gene= 11T->C Ndei11 
misc_signal 604 .. 604 
/ gene= 11A->G Ncoi11 
misc_signal 654 .. 673 
/ gene= 11spKDL02211 
misc_signal complement (654 .. 673) 
/ gene= 11spKDL021 11 
CDS complement (55 .. 771) 
/gene= 11GFPmut3b"GCB 11 
misc_signal complement (772 .. 822) 




I gene="Transcript:ion Start" 
misc_signal complement (849 .. 854) 
lgene="-10 box" 
misc_signal complement (853 .. 871) 
I gene= "OtetZ" 
misc_signal complement (872 .. 877) 
lgene="-35 Box" 
misc_signal complement (878 .. 896) 
I gene="OtetZ" 
misc_feature complement (823 .. 896) 
I gene="PL(tetO)"GCB " 
misc_signal 1029 .. 1029 
I gene="G->T Kasi" 
misc_signal 1221 .. 1221 
I gene= "T ->C EcoRV" 
misc_signal 1572 .. 1591 
I gene="spKDL026" 
misc_signal complement (1572 .. 1591) 
I gene="spKDL025" 
misc_signal 1671..1671 
I gene="A->G Mlui" 
misc_signal 1689 .. 1689 
I gene="G->T ApaLI" 
misc_signal 2004 .. 2004 
I gene="A->G Acll" 
misc_signal 2006 .. 2006 
lgene=''T->C Acli" 
CDS complement (939 .. 2021) 
I gene="laci"GCB " 
misc_signal complement (2022 .. 2051) 
I gene="rbsKDL026" 
misc_feature 2077 
I gene="Transcript:ion Start" 
misc_signal complement (2084 .. 2089) 
lgene="-10 box" 
misc_signal complement (2088 .. 2106) 
I gene= "OtetZ" 
misc_signal complement (2107 . .2112) 
lgene="-35 Box" 
misc_feature complement (2058 . .2131) 
I gene= "PL(tetO)"GCB " 
misc_signal complement (2113 .. 2131) 
I gene=" OtetZ" 
misc_feature 2150 .. 2224 
I gene="Ptrc-2"GCB " 
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misc_signal 2163 .. 2168 
/gene="-35 Box" 
misc_signal 2186 .. 2191 
/gene="-10 box" 
misc_featute 2198 
/ gene=''Transcription Start" 




CDS 2263 .. 2886 
/gene= "tetR "GCB" 
misc_signal 2269 .. 2269 
/gene="A->C Xbal" 
misc_signal 2271 .. 2271 
/gene="A->TXbai" 
misc_signal 2648 .. 2667 
/gene="spKDL027" 
misc_signal complement (2648 .. 2667) 
/ gene="spKDL028" 
misc_signal 2844 .. 2844 
/ gene="A->C Ndei" 
misc_featute 2929 .. 3003 
/ gene="Ptrc-2"GCB " 
misc_signal 2942 .. 294 7 
/ gene="-35 Box" 
misc_signal 2965 .. 2970 
/gene="-10 box" 
misc_featute 2977 
/ gene="Transcription Start" 
misc_signal 2977 .. 2997 · 
/gene= "Olac" 
misc_signal 3010 .. 3045 
/gene= "rbsKDL027" 
misc_signal 3045 .. 3045 
/gene="-> GNcoi" 
CDS 3046 .. 3756 
/ gene="mCherry"GCB " 
misc_signal 3108 .. 3108 
/gene="G->T (ApaLI)" 
misc_signal 3402 .. 3402 
/gene="G->A (Psti)" 
misc_signal 3480 .. 3480 
/gene="C->T (Ncoi)" 
misc_signal 3528 .. 3528 
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lgene="C->G (I<asl)" 
misc_signal 3595 .. 3614 
lgene="spKDL023" 
misc_signal complement (3595 .. 3614) 
I gene="spKDL024" 
misc_signal 3624 .. 3624 
lgene="G->A (Pvuii)" 
misc_signal 3636 .. 3636 
lgene="C->G (I<:asl)" 




lproduct="transcripti.onal terminator from rrnB operon" 
misc_signal complement (3862 .. 3881) 
I gene="spKDL020" 
misc_signal 3917 .. 3917 
lgene="C->T (Avril)" 
misc_feature 3922 . .4729 
lgene="ColE1"GCB" 
lproduct="High Copy Origin of Replication" 
misc_signal 4319 . .4319 
lgene="G->C (ApaLI)" 
misc_signal 4730 . .4730 
lgene="A->G (Spel)" 
misc_feature 4736 . .4841 
lgene="TO" 
lproduct="transcripti.onal terminator from phage lambda" 
CDS complement (4867 .. 5661) 
I gene= "I<anR"GCB " 
misc_signal 5727 .. 5746 
I gene="spKDL019" 
BASE COUNT 1415 a 1529 c 1491 g 1362 t 
ORIGIN 
1 gacgtctgtg caagtactac tgttctgcag tcacttgaat tcgataccca gctgttattt 
61 gtatagttca tccatgccat gtgtaatccc agcagcggtt acaaactcaa gaaggaccat 
121 gtggtctctc ttttcgttgg gatctttcga aagggcagat tgtgtggaca ggtaatggtt 
181 gtctggtaaa aggacagggc catcgccaat cggagtattt tgttgataat ggtctgctag 
241 ttgaacgctt ccatcttcaa tgttgtgtct aattttgaag ttaactttga ttccattctt 
301 ttgtttgtct gccatgatgt atacattgtg tgagttatag ttgtattcca atttgtgtcc 
361 aagaatgttt ccatcttctt taaaatcaat accttttaac tcgattctat taacaagggt 
421 atcaccttca aacttgactt cagcacgtgt cttgtagttc ccgtcatctt tgaaaaatat 
481 agttctttcc tgtacgtaac cttcgggcat ggcactcttg aaaaagtcat gctgtttcat 
541 gtgatctggg tatctcgcaa agcattgaac accataaccg aaagtagtga caagtgttgg 
601 ccacggaaca ggtagttttc cagtagtgca aataaattta agggtaagtt ttccgtatgt 
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661 tgcatcacct tcaccctctc cactgacaga aaatttgtgc ccattaacat caccatctaa 
721 ttcaacaaga attgggacaa ctccagtgaa aagttcttct cctttacgca tgtgcactac 
781 ctccttggtt gtctatgcta tgctgatcta caactggcat gcggtcagtg cgtcctgctg 
841 atgtgctcag tatctctatc actgataggg atgtcaatct ctatcactga tagggaaacg 
901 tttcgcagaa gcttccgcaa ggtaccactt tgccgcggtc actgcccgct ttccagtcgg 
961 gaaacctgtc gtgccagttg cattaatgaa tcggccaacg cgcggggaga ggcggtttgc 
1021 gtattgggag ccagggtggt ttttcttttc accagtgaga cgggcaacag ttgattgccc 
1081 ttcaccgcct ggccctgaga gagttgcagc aagcggtcca cgctggtttg ccccagcagg 
1141 cgaaaatcct gtttgatggt ggttaacggc gggatataac atgagctgtc ttcggtatcg 
1201 tcgtatccca ctaccgagat gtccgcacca acgcgcagcc cggactcggt aatggcgcgc 
1261 attgcgccca gcgccatctg atcgttggca accagcatcg cagtgggaac gatgccctca 
1321 ttcagcattt gcatggtttg ttgaaaaccg gacatggcac tccagtcgcc ttcccgttcc 
1381 gctatcggct gaatttgatt gcgagtgaga tatttatgcc agccagccag acgcagacgc 
1441 gccgagacag aacttaatgg gcccgctaac agcgcgattt gctggtgacc caatgcgacc 
1501 agatgctcca cgcccagtcg cgtaccgtct tcatgggaga aaataatact gttgatgggt 
1561 gtctggtcag agacatcaag aaataacgcc ggaacattag tgcaggcagc ttccacagca 
1621 atggcatcct ggtcatccag cggatagtta atgatcagcc cactgacgcg ctgcgcgaga 
1681 agattgtgaa ccgccgcttt acaggcttcg acgccgcttc gttctaccat cgacaccacc 
17 41 acgctggcac ccagttgatc ggcgcgagat ttaatcgccg cgacaatttg cgacggcgcg 
1801 tgcagggcca gactggaggt ggcaacgcca atcagcaacg actgtttgcc cgccagttgt 
1861 tgtgccacgc ggttgggaat gtaattcagc tccgccatcg ccgcttccac tttttcccgc 
1921 gttttcgcag aaacgtggct ggcctggttc accacgcggg aaacggtctg ataagagaca 
1981 ccggcatact ctgcgacatc gtacagcgtt actggtttca ttgtacaccc tctccttata 
2041 ttgggaccta tggatccggt cagtgcgtcc tgctgatgtg ctcagtatct ctatcactga 
2101 tagggatgtc aatctctatc actgataggg acggccgccc gttccatggc tgaaatgagc 
2161 tgttgacaat taatcatccg gctcgtataa tgtgtggaat tgtgagcgga taacaatttc 
2221 acacgtcgac cgccttcggc gaagctaggg agtagagcta gcatgtctcg tttagataaa 
2281 agtaaagtga ttaacagcgc attagagctg cttaatgagg tcggaatcga aggtttaaca 
2341 acccgtaaac tcgcccagaa gctaggtgta gagcagccta cattgtattg gcatgtaaaa 
2401 aataagcggg ctttgctcga cgccttagcc attgagatgt tagataggca ccatactcac 
2461 ttttgccctt tagaagggga aagctggcaa gattttttac gtaataacgc taaaagtttt 
2521 agatgtgctt tactaagtca tcgcgatgga gcaaaagtac atttaggtac acggcctaca 
2581 gaaaaacagt atgaaactct cgaaaatcaa ttagcctttt tatgccaaca aggtttttca 
2641 ctagagaatg cattatatgc actcagcgct gtggggcatt ttactttagg ttgcgtattg 
2701 gaagatcaag agcatcaagt cgctaaagaa gaaagggaaa cacctactac tgatagtatg 
2761 ccgccattat tacgacaagc tatcgaatta tttgatcacc aaggtgcaga gccagccttc 
2821 ttattcggcc ttgaattgat catctgcgga ttagaaaaac aacttaaatg tgaaagtggg 
2881 tcttgagagc tcggactgct taagtcgctc catatgctcg ttcccgggct gaaatgagct 
2941 gttgacaatt aatcatccgg ctcgtataat gtgtggaatt gtgagcggat aacaatttca 
3001 caccaattga gtattaacta tcgttcaact gatagggagg cgccgatggt gagcaagggc 
3061 gaggaggata acatggccat catcaaggag ttcatgcgct tcaaggttca catggagggc 
3121 tccgtgaacg gccacgagtt cgagatcgag ggcgagggcg agggccgccc ctacgagggc 
3181 acccagaccg ccaagctgaa ggtgaccaag ggtggccccc tgcccttcgc ctgggacatc 
3241 ctgtcccctc agttcatgta cggctccaag gcctacgtga agcaccccgc cgacatcccc 
3301 gactacttga agctgtcctt ccccgagggc ttcaagtggg agcgcgtgat gaacttcgag 
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3361 gacggcggcg tggtgaccgt gacccaggac tcctccctgc aagacggcga gttcatctac 
3421 aaggtgaagc tgcgcggcac caacttcccc tccgacggcc ccgtaatgca gaagaagact 
3481 atgggctggg aggcctcctc cgagcggatg taccccgagg acggcgcgct gaagggcgag 
3541 atcaagcaga ggctgaagct gaaggacggc ggccactacg acgctgaggt caagaccacc 
3601 tacaaggcca agaagcccgt gcaactgccc ggcgcgtaca acgtcaacat caagttggac 
3661 atcacctccc acaacgagga ctacaccatc gtggaacagt acgaacgcgc cgagggccgc 
3721 cactccaccg gcggcatgga cgagctgtat aagtaagata tctatcgccc tagggaccgt 
3781 ctcgagagaa tcaatattaa tccaacgcgt ggcatcaaat aaaacgaaag gctcagtcga 
3841 aagactgggc ctttcgtttt atctgttgtt tgtcggtgaa cgctctcctg agtaggacaa 
3901 atccgccgcc ctagacttag gcgttcggct gcggcgagcg gtatcagctc actcaaaggc 
3961 ggtaatacgg ttatccacag aatcagggga taacgcagga aagaacatgt gagcaaaagg 
4021 ccagcaaaag gccaggaacc gtaaaaaggc cgcgttgctg gcgtttttcc ataggctccg 
4081 cccccctgac gagcatcaca aaaatcgacg ctcaagtcag aggtggcgaa acccgacagg 
4141 actataaaga taccaggcgt ttccccctgg aagctccctc gtgcgctctc ctgttccgac 
4201 cctgccgctt accggatacc tgtccgcctt tctcccttcg ggaagcgtgg cgctttctca 
4261 tagctcacgc tgtaggtatc tcagttcggt gtaggtcgtt cgctccaagc tgggctgtct 
4321 gcacgaaccc cccgttcagc ccgaccgctg cgccttatcc ggtaactatc gtcttgagtc 
4381 caacccggta agacacgact tatcgccact ggcagcagcc actggtaaca ggattagcag 
4441 agcgaggtat gtaggcggtg ctacagagtt cttgaagtgg tggcctaact acggctacac 
4501 tagaaggaca gtatttggta tctgcgctct gctgaagcca gttaccttcg gaaaaagagt 
4561 tggtagctct tgatccggca aacaaaccac cgctggtagc ggtggttttt ttgtttgcaa 
4621 gcagcagatt acgcgcagaa aaaaaggatc tcaagaagat cctttgatct tttctacggg 
4681 gtctgacgct cagtggaacg aaaactcacg ttaagggatt ttggtcatgg ctagtgcttg 
4 7 41 gattctcacc aataaaaaac gcccggcggc aaccgagcgt tctgaacaaa tccagatgga 
4801 gttctgaggt cattactgga tctatcaaca ggagtccaag ccaattctcg aaccccagag 
4861 tcccgctcag aagaactcgt caagaaggcg atagaaggcg atgcgctgcg aatcgggagc 
4921 ggcgataccg taaagcacga ggaagcggtc agcccattcg ccgccaagct cttcagcaat 
4981 atcacgggta gccaacgcta tgtcctgata gcggtccgcc acacccagcc ggccacagtc 
5041 gatgaatcca gaaaagcggc cattttccac catgatattc ggcaagcagg catcgccgtg 
5101 ggtcacgacg agatcctcgc cgtcgggcat acgcgccttg agcctggcga acagttcggc 
5161 tggcgcgagc ccctgatgct cttcgtccag atcatcctga tcgacaagac cggcttccat 
5221 ccgagtacgt gctcgctcga tgcgatgttt cgcttggtgg tcgaatgggc aggtagccgg 
5281 atcaagcgta tgcagccgcc gcattgcatc agccatgatg gatactttct cggcaggagc 
5341 aaggtgagat gacaggagat cctgccccgg cacttcgccc aatagcagcc agtcccttcc 
5401 cgcttcagtg acaacgtcga gcacagccgc gcaaggaacg cccgtcgtgg ccagccacga 
5461 tagccgcgct gcctcgtctt gcagttcatt cagggcaccg gacaggtcgg tcttgacaaa 
5521 aagaaccggg cgaccctgcg ctgacagccg gaacacggcg gcatcagagc agccgattgt 
5581 ctgttgtgcc cagtcatagc cgaatagcct ctccacccaa gccgccggag aacctgcgtg 
5641 caatccatct tgttcaatca tgcgaaacga tcctcatcct gtctcttgat cagatcttga 
5701 tcccctgcgc catcagatcc ttggcggcaa gaaagccatc cagtttactt tgcagggctt 
5761 cccaacctta ccagagggcg gcccaactgg caattcc 
LOCUS pKDL071 5797 bp DNA CIRCULAR SYN 
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DEFINITION Lac/Tet pTtc2 Monocisttonic Toggle 
ACCESSION pKDL071 
PEA TURES Location/ Qualifiers 
misc_featute complement (4849 .. 1) 
/ gene="KanR "GCB" 
misc_signal 97 .. 97 
/ gene="A->C Pvuii" 
misc_signal 211..211 





misc_signal 604 .. 604 
/ gene="A->G Nco!" 
misc_signal 654 .. 673 
/ gene="spKDL022" 
misc_signal complement (654 .. 673) 
/ gene="spKDL021" 
CDS complement (55 .. 771) 
/ gene="GFPmut3b"GCB" 
misc_signal complement (772 .. 822) 
/ gene="rbsKDL025" 
misc_featute 842 
/ gene="Transcripti.on Start" 
misc_signal complement (849 .. 854) 
lgene=11-10 box" 
misc_signal complement (853 .. 871) 
I gene="Otet2" 
misc_signal complement (872 .. 877) 
I gene="-35 Box" 
misc_signal complement (878 .. 896) 
/gene="Otet2" 
misc_featute complement (823 .. 896) 
I gene="PL(tetO)"GCB" 
misc_signal 1029 .. 1029 
/gene="G->T !(as!" 
misc_signal 1221 .. 1221 
/gene= "T ->C EcoRV" 
misc_signal 1572 .. 1591 
/gene="spKDL026" 
misc_signal complement (1572 .. 1591) 
I gene="spKDL025" 
misc_signal 1671..1671 
/ gene="A->G Mlul" 
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misc_signal 1689 .. 1689 
I gene="G->T ApaLI" 
misc_signal 2004 .. 2004 
I gene="A->G Acli" 
misc_signal 2006 .. 2006 
I gene= "T ->C Acli" 
CDS complement (939 .. 2021) 
I gene= "laci"GCB" 
misc_signal complement (2022 .. 2051) 
I gene="rbsKDL026" 
misc_feature 2077 
I gene="Transcripti.on Start" 
misc_signal complement (2084 . .2089) 
lgene="-10 box" 
misc_signal complement (2088 . .21 06) 
I gene="Otet2" 
misc_signal complement (2107 .. 2112) 
I gene="-35 Box" 
misc_feature complement (2058 .. 2131) 
I gene= "PL(tetO)"GCB" 
misc_signal complement (2113 .. 2131) 
I gene="Otet2" 
misc_feature 2150 .. 2224 
I gene= "Ptrc-2"GCB" 
misc_signal 2163 .. 2168 
I gene="-35 Box" 
misc_signal 2186 .. 2191 
lgene="-10 box'' 
misc_feature 2198 
I gene="Transcripti.on Start" 




CDS 2263 .. 2886 
I gene= "tetR."GCB" 




misc_signal 2648 .. 2667 
I gene="spKDL027" 
misc_signal complement (2648 .. 2667) 
I gene="spKDL028" 
misc_signal 2844 .. 2844 
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/gene="A->C Ndei" 
misc_featru:e 2929 .. 3003 
/ gene="Ptrc-2"GCB" 
misc_signal 2942 .. 2947 
/gene="-35 Box" 
misc_signal 2965 .. 2970 
/gene="-10 box" 
misc_featul:e 2979 
/ gene="Transcripti.on Start" 
misc_signal 2977 .. 2997 
/ gene="Olac" 
misc_signal 3010 .. 3045 
/ gene="rbsKDL027" 
misc_signal 3045 .. 3045 
/gene="-> GNcoi" 
CDS 3046 .. 3756 
/ gene="mChen:y"GCB" 
misc_signal 3108 .. 3108 
/gene="G->T (ApaLI)" 
misc_signal 3402 .. 3402 
/gene="G->A (Psti)" 
misc_signal 3480 .. 3480 
/gene="C->T (Ncoi)" 
misc_signal 3528 .. 3528 
/gene="C->G (I<asi)" 
misc_signal 3595 .. 3614 
/gene= "spKDL023" 
misc_signal complement (3595 .. 3614) 
/ gene="spKDL024" 
misc_signal 3624 .. 3624 
/gene="G->A (Pvu.II)" 
misc_signal 3636 .. 3636 
/gene="C->G (I<asi)" 




/product="transcripti.onal terminator from rmB operon" 
.misc_signal complement (3862 .. 3881) 
/gene= "spKDL020" 
misc_signal 3917 .. 3917 
/gene="C->T (Avril)" 
misc_featul:e 3922 . .4 729 
/ gene="ColE1"GCB " 
/product="High Copy Origin of Replication" 
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misc_signal 4319 . .4319 
lgene="G->C (ApaLI)" 
misc_signal 4730 . .4730 
lgene="A->G (Spel)" 
misc_featw:e 4736 . .4841 
lgene="TO" 
lproduct="transcriptional terminator from phage lambda" 
CDS complement (4867 .. 5661) 
I gene="KanR"GCB " 
misc_signal 5727 .. 5746 
I gene="spKDL019" 
BASE COUNT 1415 a 1530 c 1491 g 1361 t 
ORIGIN 
1 gacgtctgtg caagtactac tgttctgcag tcacttgaat tcgataccca gctgttattt 
61 gtatagttca tccatgccat gtgtaatccc agcagcggtt acaaactcaa gaaggaccat 
121 gtggtctctc ttttcgttgg gatctttcga aagggcagat tgtgtggaca ggtaatggtt 
181 gtctggtaaa aggacagggc catcgccaat cggagtattt tgttgataat ggtctgctag 
241 ttgaacgctt ccatcttcaa tgttgtgtct aattttgaag ttaactttga ttccattctt 
301 ttgtttgtct gccatgatgt atacattgtg tgagttatag ttgtattcca atttgtgtcc 
361 aagaatgttt ccatcttctt taaaatcaat accttttaac tcgattctat taacaagggt 
421 atcaccttca aacttgactt cagcacgtgt cttgtagttc ccgtcatctt tgaaaaatat 
481 agttctttcc tgtacgtaac cttcgggcat ggcactcttg aaaaagtcat gctgtttcat 
541 gtgatctggg tatctcgcaa agcattgaac accataaccg aaagtagtga caagtgttgg 
601 ccacggaaca ggtagttttc cagtagtgca aataaattta agggtaagtt ttccgtatgt 
661 tgcatcacct tcaccctctc cactgacaga aaatttgtgc ccattaacat caccatctaa 
721 ttcaacaaga attgggacaa ctccagtgaa aagttcttct cctttacgca tgtgcactac 
781 ctccttggtt gtctatgcta tgctgatcta caactggcat gcggtcagtg cgtcctgctg 
841 atgtgctcag tatctctatc actgataggg atgtcaatct ctatcactga tagggaaacg 
901 tttcgcagaa gcttccgcaa ggtaccactt tgccgcggtc actgcccgct ttccagtcgg 
961 gaaacctgtc gtgccagttg cattaatgaa tcggccaacg cgcggggaga ggcggtttgc 
1021 gtattgggag ccagggtggt ttttcttttc accagtgaga cgggcaacag ttgattgccc 
1081 ttcaccgcct ggccctgaga gagttgcagc aagcggtcca cgctggtttg ccccagcagg 
1141 cgaaaatcct gtttgatggt ggttaacggc gggatataac atgagctgtc ttcggtatcg 
1201 tcgtatccca ctaccgagat gtccgcacca acgcgcagcc cggactcggt aatggcgcgc 
1261 attgcgccca gcgccatctg atcgttggca accagcatcg cagtgggaac gatgccctca 
1321 ttcagcattt gcatggtttg ttgaaaaccg gacatggcac tccagtcgcc ttcccgttcc 
1381 gctatcggct gaatttgatt gcgagtgaga tatttatgcc agccagccag acgcagacgc 
1441 gccgagacag aacttaatgg gcccgctaac agcgcgattt gctggtgacc caatgcgacc 
1501 agatgctcca cgcccagtcg cgtaccgtct tcatgggaga aaataatact gttgatgggt 
1561 gtctggtcag agacatcaag aaataacgcc ggaacattag tgcaggcagc ttccacagca 
1621 atggcatcct ggtcatccag cggatagtta atgatcagcc cactgacgcg ctgcgcgaga 
1681 agattgtgaa ccgccgcttt acaggcttcg acgccgcttc gttctaccat cgacaccacc 
17 41 acgctggcac ccagttgatc ggcgcgagat ttaatcgccg cgacaatttg cgacggcgcg 
1801 tgcagggcca gactggaggt ggcaacgcca atcagcaacg actgtttgcc cgccagttgt 
1861 tgtgccacgc ggttgggaat gtaattcagc tccgccatcg ccgcttccac tttttcccgc 
103 
1921 gttttcgcag aaacgtggct ggcctggttc accacgcggg aaacggtctg ataagagaca 
1981 ccggcatact ctgcgacatc gtacagcgtt actggtttca ttgtacaccc tctccttata 
2041 ttgggaccta tggatccggt cagtgcgtcc tgctgatgtg ctcagtatct ctatcactga 
2101 tagggatgtc aatctctatc actgataggg acggccgccc gttccatggc tgaaatgagc 
2161 tgttgacaat taatcatccg gctcgtataa tgtgtggaat tgtgagcgga taacaatttc 
2221 acacgtcgac cgccttcggc gaagctaggg acgagagcta gcatgtctcg tttagataaa 
2281 agtaaagtga ttaacagcgc attagagctg cttaatgagg tcggaatcga aggtttaaca 
2341 acccgtaaac tcgcccagaa gctaggtgta gagcagccta cattgtattg gcatgtaaaa 
2401 aataagcggg ctttgctcga cgccttagcc attgagatgt tagataggca ccatactcac 
2461 ttttgq:ctt tagaagggga aagctggcaa gattttttac gtaataacgc taaaagtttt 
2521 agatgtgctt tactaagtca tcgcgatgga gcaaaagtac atttaggtac acggcctaca 
2581 gaaaaacagt atgaaactct cgaaaatcaa ttagcctttt tatgccaaca aggtttttca 
2641 ctagagaatg cattatatgc actcagcgct gtggggcatt ttactttagg ttgcgtattg 
2701 gaagatcaag agcatcaagt cgctaaagaa gaaagggaaa cacctactac tgatagtatg 
2761 ccgccattat tacgacaagc tatcgaatta tttgatcacc aaggtgcaga gccagccttc 
2821 ttattcggcc ttgaattgat catctgcgga ttagaaaaac aacttaaatg tgaaagtggg 
2881 tcttgagagc tcggactgct taagtcgctc catatgctcg ttcccgggct gaaatgagct 
2941 gttgacaatt aatcatccgg ctcgtataat gtgtggaatt gtgagcggat aacaatttca 
3001 caccaattga gtattaacta tcgttcaact gatagggagg cgccgatggt gagcaagggc 
3061 gaggaggata acatggccat catcaaggag ttcatgcgct tcaaggttca catggagggc 
3121 tccgtgaacg gccacgagtt cgagatcgag ggcgagggcg agggccgccc ctacgagggc 
3181 acccagaccg ccaagctgaa ggtgaccaag ggtggccccc tgcccttcgc ctgggacatc 
3241 ctgtcccctc agttcatgta cggctccaag gcctacgtga agcaccccgc cgacatcccc 
3301 gactacttga agctgtcctt ccccgagggc ttcaagtggg agcgcgtgat gaacttcgag 
3361 gacggcggcg tggtgaccgt gacccaggac tcctccctgc aagacggcga gttcatctac 
3421 aaggtgaagc tgcgcggcac caacttcccc tccgacggcc ccgtaatgca gaagaagact 
3481 atgggctggg aggcctcctc cgagcggatg taccccgagg acggcgcgct gaagggcgag 
3541 atcaagcaga ggctgaagct gaaggacggc ggccactacg acgctgaggt caagaccacc 
3601 tacaaggcca agaagcccgt gcaactgccc ggcgcgtaca acgtcaacat caagttggac 
3661 atcacctccc acaacgagga ctacaccatc gtggaacagt acgaacgcgc cgagggccgc 
3721 cactccaccg gcggcatgga cgagctgtat aagtaagata tctatcgccc tagggaccgt 
3781 ctcgagagaa tcaatattaa tccaacgcgt ggcatcaaat aaaacgaaag gctcagtcga 
3841 aagactgggc ctttcgtttt atctgttgtt tgtcggtgaa cgctctcctg agtaggacaa 
3901 atccgccgcc ctagacttag gcgttcggct gcggcgagcg gtatcagctc actcaaaggc 
3961 ggtaatacgg ttatccacag aatcagggga taacgcagga aagaacatgt gagcaaaagg 
4021 ccagcaaaag gccaggaacc gtaaaaaggc cgcgttgctg gcgtttttcc ataggctccg 
4081 cccccctgac gagcatcaca aaaatcgacg ctcaagtcag aggtggcgaa acccgacagg 
4141 actataaaga taccaggcgt ttccccctgg aagctccctc gtgcgctctc ctgttccgac 
4201 cctgccgctt accggatacc tgtccgcctt tctcccttcg ggaagcgtgg cgctttctca 
4261 tagctcacgc tgtaggtatc tcagttcggt gtaggtcgtt cgctccaagc tgggctgtct 
4321 gcacgaaccc cccgttcagc ccgaccgctg cgccttatcc ggtaactatc gtcttgagtc 
4381 caacccggta agacacgact tatcgccact ggcagcagcc actggtaaca ggattagcag 
4441 agcgaggtat gtaggcggtg ctacagagtt cttgaagtgg tggcctaact acggctacac 
4501 tagaaggaca gtatttggta tctgcgctct gctgaagcca gttaccttcg gaaaaagagt 
4561 tggtagctct tgatccggca aacaaaccac cgctggtagc ggtggttttt ttgtttgcaa 
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4621 gcagcagatt acgcgcagaa aaaaaggatc tcaagaagat cctttgatct tttctacggg 
4681 gtctgacgct cagtggaacg aaaactcacg ttaagggatt ttggtcatgg ctagtgcttg 
4 7 41 gattctcacc aataaaaaac gcccggcggc aaccgagcgt tctgaacaaa tccagatgga 
4801 gttctgaggt cattactgga tctatcaaca ggagtccaag ccaattCtcg aaccccagag 
4861 tcccgctcag aagaactcgt caagaaggcg atagaaggcg atgcgctgcg aatcgggagc 
4921 ggcgataccg taaagcacga ggaagcggtc agcccattcg ccgccaagct cttcagcaat 
4981 atcacgggta gccaacgcta tgtcctgata gcggtccgcc acacccagcc ggccacagtc 
5041 gatgaatcca gaaaagcggc cattttccac catgatattc ggcaagcagg catcgccgtg 
5101 ggtcacgacg agatcctcgc cgtcgggcat acgcgccttg agcctggcga acagttcggc 
5161 tggcgcgagc ccctgatgct cttcgtccag atcatcctga tcgacaagac cggcttccat 
5221 ccgagtacgt gctcgctcga tgcgatgttt cgcttggtgg tcgaatgggc aggtagccgg 
5281 atcaagcgta tgcagccgcc gcattgcatc agccatgatg gatactttct cggcaggagc 
5341 aaggtgagat gacaggagat cctgccccgg cacttcgccc aatagcagcc agtcccttcc 
5401 cgcttcagtg acaacgtcga gcacagccgc gcaaggaacg cccgtcgtgg ccagccacga 
5461 tagccgcgct gcctcgtctt gcagttcatt cagggcaccg gacaggtcgg tcttgacaaa 
5521 aagaaccggg cgaccctgcg ctgacagccg gaacacggcg gcatcagagc agccgattgt 
5581 ctgttgtgcc cagtcatagc cgaatagcct ctccacccaa gccgccggag aacctgcgtg 
5641 caatccatct tgttcaatca tgcgaaacga tcctcatcct gtctcttgat cagatcttga 
5701 tcccctgcgc catcagatcc ttggcggcaa gaaagccatc cagtttactt tgcagggctt 
5761 cccaacctta ccagagggcg gcccaactgg caattcc 
LOCUS pKDL105 5952 bp DNA CIRCULAR SYN 
DEFINITION ASV lac/tet Toggle 
ACCESSION pKDL105 
FEATURES Location/ Qualifiers 
misc_feature complement (5008 .. 1) 
/ gene="KanR "GCB" 
misc_signal complement (55 .. 96) 
/ gene="ASV tag" 
misc_signal 136 .. 136 
/ gene="A->C PvuiJ'I 
misc_signal 250 .. 250 
/ gene="A->G Mfei" 
misc_signal 535 . .535 
/gene="T->C BsrGI" 
misc_signal 580 .. 580 
/gene="T->C Ndei" 
misc_signal 643 .. 643 
/ gene="A->G Ncoi" 
misc_signal 693 .. 712 
/ gene="spKDL022" 
misc_signal complement (693 .. 712) 
/ gene="spKDL021" 
CDS complement (55 .. 810) 
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I gene="GFPmut3b-ASV"GCB" 
misc_signal complement (812 .. 861) 
I gene="rbsKDL025"' 
misc_feature 881 
I gene= "Transcription Start" 
misc_signal complement (888 .. 893) 
lgene="-10 box" 
misc_signal complement (892 .. 910) 
I gene="Otet2" 
misc_signal complement (911..916) 
I gene="-35 Box" 
misc_signal complement (917 .. 935) 
I gene="Otet2" 
misc_feature complement (862 .. 935) 
I gene= "PL(tetO)"GCB " 
misc_signal complement (978 .. 1019) 
I gene= "ASV tag" 
misc_signal 1107 .. 1107 
I gene="G->T I<asl'' 
misc_signal 1299 .. 1299 
I gene="T ->C EcoRV" 
misc_signal 17 49 .. 17 49 
I gene="A->G Mlui" 
misc_signal 1767 .. 1767 
I gene="G->T ApaLI" 
misc_signal 2082 .. 2082 
lgene="A->G Acll" 
misc_signal 2084 .. 2084 
I gene= "T ->C A eli" 
CDS complement (978 .. 2099) 
I gene= "laci-ASV"GCB" 
misc_signal complement (2101 .. 2129) 
I gene="rbsKDL026"' 
misc_feature 2155 
I gene="Transcription Start" 
misc_signal complement (2162 .. 2167) 
lgene="-10 box" 
misc_signal complement (2166 .. 2184) 
I gene="Otet2" 
misc_signal complement (2185 .. 2190) 
I gene="-35 Box" 
misc_feature complement (2136 .. 2209) 
lgene="PL(tetO) "GCB" 
misc_signal complement (2191 .. 2209) 
I gene="Otet2" 
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misc_feature 2228 .. 2302 
I gene="Ptrc-2"GCB " 
misc_signal 2241..2246 
I gene="-35 Box" 
misc_signal 2264 .. 2269 
lgene="-10 box" 
misc_signal 2276 .. 2296 
I gene="Olac" 
misc_feature 2276 
I gene="Transcripti.on Start" 




misc_signal 2347 .. 2347 
lgene="A->C Xbai" 
misc_signal 2349 .. 2349 
I gene="A->T Xbal" 
misc_signal 2726 .. 27 45 
I gene="spKDL027" 
misc_signal complement (2726 .. 27 45) 
I gene= "spKDL028" 
misc_signal 2922 . .2922 
I gene="A->C Ndei" 
misc_signal 2962 .. 3003 
I gene="ASV tag" 
misc_feature 3046 .. 3120 
I gene= "Ptrc-2"GCB" 
misc_signal 3059 .. 3064 
lgene="-35 Box" 
misc_signal 3082 .. 3087 
lgene="-10 box" 
misc_signal 3094 .. 3114 
lgene="Olac" 
misc_feature 3098 
I gene= "Transcription Start" 
misc_signal 3127 .. 3156 
I gene="rbsK.DL027"' 
CDS 3162 .. 3911 
lgene="mCherry-ASV"GCB" 
misc_signal 3224 .. 3224 
lgene="G->T (ApaLI)" 
misc_signal 3518 .. 3518 
lgene="G->A (Pstl)" 
misc_signal 3596 .. 3596 
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lgene="C->T (Ncol)" 
misc_signal 3644 .. 3644 
lgene="C->G (I<asl)" 
misc_signal 3711 .. 3730 
I gene= "spKDL023" 
misc_signal complement (3 711..3 730) 
I gene= "spKDL024" 
misc_signal 3740 .. 3740 
lgene="G->A (Pvuii)" 
misc_signal 3752 .. 3752 
lgene="C->G (I<asl)" 
misc_signal 3866 .. 3866 
lgene="C->T (BsrGI)" 
misc_signal 3870 .. 3911 
I gene="ASV tag" 
misc_feature 3966 . .4070 
lgene="T1" 
lproduct="ttanscriptional terminator from rroB operon" 




misc_feature 4077 . .4884 
I gene="Co1E1 "'GCB " 
lproduct="High Copy Origin of Replication" 
misc_signal 4474 . .4474 
lgene="G->C (ApaLI)" 




lproduct="ttanscriptional terminator from phage lambda" 
CDS complement (5022 . .5816) 
I gene= "I<anR "'GCB " 
misc_signal 5882 . .5901 
lgene="spKDL019" 
BASE COUNT 1452 a 1571 c 1531 g 1398 t 
ORIGIN 
1 gacgtctgtg caagtactac tgttctgcag tcacttgaat tcgataccca gctgtcaaac 
61 tgatgcggcg taattttcgt cgttcgctgc gctagttttg tatagttcat ccatgccatg 
121 tgtaatccca gcagcggtta caaactcaag aaggaccatg tggtctctct tttcgttggg 
181 atctttcgaa agggcagatt gtgtggacag gtaatggttg tctggtaaaa ggacagggcc 
241 atcgccaatc ggagtatttt gttgataatg gtctgctagt tgaacgcttc catcttcaat 
301 gttgtgtcta attttgaagt taactttgat tccattcttt tgtttgtctg ccatgatgta 
361 tacattgtgt gagttatagt tgtattccaa tttgtgtcca agaatgtttc catcttcttt 
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421 aaaatcaata ccttttaact cgattctatt aacaagggta tcaccttcaa acttgacttc 
481 agcacgtgtc ttgtagttcc cgtcatcttt gaaaaatata gttctttcct gtacgtaacc 
541 ttcgggcatg gcactcttga aaaagtcatg ctgtttcatg tgatctgggt atctcgcaaa 
601 gcattgaaca ccataaccga aagtagtgac aagtgttggc cacggaacag gtagttttcc 
661 agtagtgcaa ataaatttaa gggtaagttt tccgtatgtt gcatcacctt caccctctcc 
721 actgacagaa aatttgtgcc cattaacatc accatctaat tcaacaagaa ttgggacaac 
781 tccagtgaaa agttcttctc ctttacgcat gtgcactacc tccttggttg tctatgctat 
841 gctgatctac aactggcatg cggtcagtgc gtcctgctga tgtgctcagt atctctatca 
901 ctgataggga tgtcaatctc tatcactgat agggaaacgt ttcgcagaag cttccgcaag 
961 gtaccacttt gccgcggtca aactgatgcg gcgtaatttt cgtcgttcgc tgcgctagtc 
1021 tgcccgcttt ccagtcggga aacctgtcgt gccagttgca ttaatgaatc ggccaacgcg 
1081 cggggagagg cggtttgcgt attgggagcc agggtggttt ttcttttcac cagtgagacg 
1141 ggcaacagtt gattgccctt caccgcctgg ccctgagaga gttgcagcaa gcggtccacg 
1201 ctggtttgcc ccagcaggcg aaaatcctgt ttgatggtgg ttaacggcgg gatataacat 
1261 gagctgtctt cggtatcgtc gtatcccact accgagatgt ccgcaccaac gcgcagcccg 
1321 gactcggtaa tggcgcgcat tgcgcccagc gccatctgat cgttggcaac cagcatcgca 
1381 gtgggaacga tgccctcatt cagcatttgc atggtttgtt gaaaaccgga catggcactc 
1441 cagtcgcctt cccgttccgc tatcggctga atttgattgc gagtgagata tttatgccag 
1501 ccagccagac gcagacgcgc cgagacagaa cttaatgggc ccgctaacag cgcgatttgc 
1561 tggtgaccca atgcgaccag atgctccacg cccagtcgcg taccgtcttc atgggagaaa 
1621 ataatactgt tgatgggtgt ctggtcagag acatcaagaa ataacgccgg aacattagtg 
1681 caggcagctt ccacagcaat ggcatcctgg tcatccagcg gatagttaat gatcagccca 
17 41 ctgacgcgct gcgcgagaag attgtgaacc gccgctttac aggcttcgac gccgcttcgt 
1801 tctaccatcg acaccaccac gctggcaccc agttgatcgg cgcgagattt aatcgccgcg 
1861 acaatttgcg acggcgcgtg cagggccaga ctggaggtgg caacgccaat cagcaacgac 
1921 tgtttgcccg ccagttgttg tgccacgcgg ttgggaatgt aattcagctc cgccatcgcc 
1981 gcttccactt tttcccgcgt tttcgcagaa acgtggctgg cctggttcac cacgcgggaa 
2041 acggtctgat aagagacacc ggcatactct gcgacatcgt acagcgttac tggtttcatt 
2101 gtacaccctc tccttatatt gggacctatg gatccggtca gtgcgtcctg ctgatgtgct 
2161 cagtatctct atcactgata gggatgtcaa tctctatcac tgatagggac ggccgcccgt 
2221 tccatggctg aaatgagctg ttgacaatta atcatccggc tcgtataatg tgtggaattg 
2281 tgagcggata acaatttcac acgtcgaccg ccttcggcga agctagggac gagagctagc 
2341 atgtctcgtt tagataaaag taaagtgatt aacagcgcat tagagctgct taatgaggtc 
2401 ggaatcgaag gtttaacaac ccgtaaactc gcccagaagc taggtgtaga gcagcctaca 
2461 ttgtattggc atgtaaaaaa taagcgggct ttgctcgacg ccttagccat tgagatgtta 
2521 gataggcacc atactcactt ttgcccttta gaaggggaaa gctggcaaga ttttttacgt 
2581 aataacgcta aaagttttag atgtgcttta ctaagtcatc gcgatggagc aaaagtacat 
2641 ttaggtacac ggcctacaga aaaacagtat gaaactctcg aaaatcaatt agccttttta 
2701 tgccaacaag gtttttcact agagaatgca ttatatgcac tcagcgctgt ggggcatttt 
2761 actttaggtt gcgtattgga agatcaagag catcaagtcg ctaaagaaga aagggaaaca 
2821 cctactactg atagtatgcc gccattatta cgacaagcta tcgaattatt tgatcaccaa 
2881 ggtgcagagc cagccttctt attcggcctt gaattgatca tctgcggatt agaaaaacaa 
2941 cttaaatgtg aaagtgggtc tactagcgca gcgaacgacg aaaattacgc cgcatcagtt 
3001 tgagagctcg gactgcttaa gtcgctccat atgctcgttc ccgggctgaa atgagctgtt 
3061 gacaattaat catccggctc gtataatgtg tggaattgtg agcggataac aatttcacac 
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3121 caattgagta ttaactatcg ttcaactgat agggaggcgc catggtgagc aagggcgagg 
3181 aggataacat ggccatcatc aaggagttca tgcgcttcaa ggttcacatg gagggctccg 
3241 tgaacggcca cgagttcgag atcgagggcg agggcgaggg ccgcccctac gagggcaccc 
3301 agaccgccaa gctgaaggtg accaagggtg gccccctgcc cttcgcctgg gacatcctgt 
3361 cccctcagtt catgtacggc tccaaggcct acgtgaagca ccccgccgac atccccgact 
3421 acttgaagct gtccttcccc gagggcttca agtgggagcg cgtgatgaac ttcgaggacg 
3481 gcggcgtggt gaccgtgacc caggactcct ccctgcaaga cggcgagttc atctacaagg 
3541 tgaagctgcg cggcaccaac ttcccctccg acggccccgt aatgcagaag aagactatgg 
3601 gctgggaggc ctcctccgag cggatgtacc ccgaggacgg cgcgctgaag ggcgagatca 
3661 agcagaggct gaagctgaag gacggcggcc actacgacgc tgaggtcaag accacctaca 
3721 aggccaagaa gcccgtgcaa ctgcccggcg cgtacaacgt caacatcaag ttggacatca 
3781 cctcccacaa cgaggactac accatcgtgg aacagtacga acgcgccgag ggccgccact 
3841 ccaccggcgg catggacgag ctgtataaga ctagcgcagc gaacgacgaa aattacgccg 
3901 catcagtttg agatatctat cgccctaggg accgtctcga gagaatcaat attaatccaa 
3961 cgcgtggcat caaataaaac gaaaggctca gtcgaaagac tgggcctttc gttttatctg 
4021 ttgtttgtcg gtgaacgctc tcctgagtag gacaaatccg ccgccctaga cttaggcgtt 
4081 cggctgcggc gagcggtatc agctcactca aaggcggtaa tacggttatc cacagaatca 
4141 ggggataacg caggaaagaa catgtgagca aaaggccagc aaaaggccag gaaccgtaaa 
4201 aaggccgcgt tgctggcgtt tttccatagg ctccgccccc ctgacgagca tcacaaaaat 
4261 cgacgctcaa gtcagaggtg gcgaaacccg acaggactat aaagatacca ggcgtttccc 
4321 cctggaagct ccctcgtgcg ctctcctgtt ccgaccctgc cgcttaccgg atacctgtcc 
4381 gcctttctcc cttcgggaag cgtggcgctt tctcatagct cacgctgtag gtatctcagt 
4441 tcggtgtagg tcgttcgctc caagctgggc tgtctgcacg aaccccccgt tcagcccgac 
4501 cgctgcgcct tatccggtaa ctatcgtctt gagtccaacc cggtaagaca cgacttatcg 
4561 ccactggcag cagccactgg taacaggatt agcagagcga ggtatgtagg cggtgctaca 
4621 gagttcttga agtggtggcc taactacggc tacactagaa ggacagtatt tggtatctgc 
4681 gctctgctga agccagttac cttcggaaaa agagttggta gctcttgatc cggcaaacaa 
4741 accaccgctg gtagcggtgg tttttttgtt tgcaagcagc agattacgcg cagaaaaaaa 
4801 ggatctcaag aagatccttt gatcttttct acggggtctg acgctcagtg gaacgaaaac 
4861 tcacgttaag ggattttggt catggctagt gcttggattc tcaccaataa aaaacgcccg 
4921 gcggcaaccg agcgttctga acaaatccag atggagttct gaggtcatta ctggatctat 
4981 caacaggagt ccaagccaat tctcgaaccc cagagtcccg ctcagaagaa ctcgtcaaga 
5041 aggcgataga aggcgatgcg ctgcgaatcg ggagcggcga taccgtaaag cacgaggaag 
5101 cggtcagccc attcgccgcc aagctcttca gcaatatcac gggtagccaa cgctatgtcc 
5161 tgatagcggt ccgccacacc cagccggcca cagtcgatga atccagaaaa gcggccattt 
5221 tccaccatga tattcggcaa gcaggcatcg ccgtgggtca cgacgagatc ctcgccgtcg 
5281 ggcatacgcg ccttgagcct ggcgaacagt tcggctggcg cgagcccctg atgctcttcg 
5341 tccagatcat cctgatcgac aagaccggct tccatccgag tacgtgctcg ctcgatgcga 
5401 tgtttcgctt ggtggtcgaa tgggcaggta gccggatcaa gcgtatgcag ccgccgcatt 
5461 gcatcagcca tgatggatac tttctcggca ggagcaaggt gagatgacag gagatcctgc 
5521 cccggcactt cgcccaatag cagccagtcc cttcccgctt cagtgacaac gtcgagcaca 
5581 gccgcgcaag gaacgcccgt cgtggccagc cacgatagcc gcgctgcctc gtcttgcagt 
5641 tcattcaggg caccggacag gtcggtcttg acaaaaagaa ccgggcgacc ctgcgctgac 
5701 agccggaaca cggcggcatc agagcagccg attgtctgtt gtgcccagtc atagccgaat 
5761 agcctctcca cccaagccgc cggagaacct gcgtgcaatc catcttgttc aatcatgcga 
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II 
5821 aacgatcctc atcctgtctc ttgatcag?-j: 9~atssc~:: tgcgccatca gatccttggc 
5881 ggcaagaaag ccatccagtt tac~i:5~g~g~,it~c.£afl ccttaccaga gggcggccca 
5941 actggcaatt cc · · · 
LOCUS pKDL106d 7687 bp D~~~\CIRCULAR SYN 
DEFINITION 3FFL 
ACCESSION pKDL106d 
FEATURES Location/ Qualifiers· 
misc_feature complement (6799,.1): ---
/gene= "KanR /\GCB" , -" 
misc_signal 97 .. 97 -
/gene="A->C Pvuii" 
misc_signal 211..211 
-/ gene="A->G Mfel" 





misc_signal 604 .. 604 
/gene="A->G Ncoi" 
misc_signal 654 .. 673 
/ gene="spKDL022" 
misc_signal complement (654 .. 67~)'~- c 
/ gene="spKDL021" 
CDS complement (55 .. 771) :-
/ gene="GFPmut3b/\.G~~-~~:, -_ 
misc_signal complement (772 .. 8';-~t~ '-ci 
/gene="rbsKDL025" .,_ , 
misc_feature 842 
/gene="Transcription S_t~J:~~ , ; 
misc_signal complement (849::8~4J:· -
/gene="-10 box" - :-- -_ 
misc_signal complement (853 .. 87-~:): :-=-: 
/gene="Otet2" ·:, 
misc_signal complement (872 .. 8?7}~·:.-:~~; _ 
/gene="-35 Box" _ _-
misc_signal complement (878 .. &96) 
/ gene="Otet2" 
misc_feature complement (823.:8Q6) 
/ gene="PL(tetO)/\GCB-'1 
misc_signal 1029 .. 1029 
/ gene="G->T I<asi" 
misc_signal 1221 .. 1221 
111'' 
lgene="T->C EcoRV" 
misc_signal 1572 .. 1591 
I gene="spKDL026" 
misc_signal complement (1572 .. 1591) 
I gene="spKDL025" 
misc_signal 1671..1671 
I gene="A->G Mlui" 
misc_signal 1689 .. 1689 
I gene="G->T ApaLI" 
misc_signal 2004 .. 2004 
I gene="A->G Acli" 
misc_signal 2006 .. 2006 
lgene="T->C Acli" 
CDS complement (939 .. 2021) 
I gene= "laci"GCB 
misc_signal complement (2022 . .2051) 
I gene="rbsKDL026" 
misc_feature 2077 
I gene="Transcripti.on Start" 
misc_signal complement (2084 .. 2089) 
lgene="-10 box" 
misc_signal complement (2088 .. 2106) 
I gene="Otet2" 
misc_signal complement (2107 . .2112) 
I gene="-35 Box" 
misc_feature complement (2058 .. 2131) 
I gene="PL(tetO)"GCB" 
misc_signal complement (2113 .. 2131) 
I gene="Otet2" 
misc_feature 2150 . .2692 
I gene="PmgrB"GCB" 
misc_signal 2629 .. 2634 
lgene="-35 box?" 
misc_signal 2649 .. 2649 
I gene="G->C Sphi" 
misc_signal 2658 .. 2663 
lgene="-10 box" 
misc_signal 2667 .. 2667 
I gene= "TSS" 
misc_signal 2699 .. 2726 
I gene= "rbsKDL032d" 
CDS 2727 .. 3350 
I gene="tetR "GCB" 
misc_signal · 2733 .. 2733 
I gene="A->C Xbai" 
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misc_signal 2735 . .2735 
I gene="A->T Xbai" 
misc_signal 3112 .. 3131 
I gene="spKDL027" 
misc_signal complement (3112 .. 3131) 
I gene="spKDL028" 
misc_signal 3308 .. 3308 
lgene="A->C Ndei" 
CDS 3394 . .4272 
I gene="AraC_LAA_Keasling"GCB" 
misc_signal 3409 .. 3411 
I gene="N6I JK" 
misc_signal 3586 .. 3588 
lgene="V65G JK" 
misc_signal complement (3599 .. 3618) 
I gene="spKDL044" 
misc_signal 3 732 .. 3 732 
lgene="A->C Ssp!" 
misc_signal 3868 .. 3868 
I gene="T ->C Mfei" 
misc_signal 3886 .. 3888 
lgene="E165G JK" 




misc_signal 4063 . .4063 
lgene="T->C Ailli" 
misc_signal 4065 . .4065 
I gene="A->G Ailli" 
misc_signal 4270 . .4272 
lgene="C280* JK" 
misc_feature 4279 . .4401 
lgene="TO" 
misc_signal 4293 . .4387 
lgene="TO" 
misc_signal 4408 . .4435 
lgene="Olacl" 
misc_feature 4408 . .4893 
lgene="Placlru:a"GCB" 
misc_signal 4427 . .4427 
I gene="T ->A" 
I product= "found in seq." 
misc_signal 4764 . .4768 
I gene="del CAA" 
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misc_signal 4786 . .4786 
/ gene=''C->T Sail, Xhol" 
misc_signal 4792 . .4811 
/ gene="aral1" 
misc_signal 4824 . .4824 
/ gene="C-> A BamBI" 
misc_signal 4828 . .4828 
j gene="G->T Hindiii" 
misc_signal 4835 . .4854 
/gene="Os" 
misc_signal 4839..4839 
/ gene="G->T Mfel" 
misc_signal 4866 . .4893 
/gene= "Olac1 11 
misc_signal 4867 . .4867 
/ gene="A->G Mfel" 
misc_signal 4900 . .4935 
/ gene="rbsKDL027" 
misc_signal 4935 . .4935 
/gene="-> GNcoi" 
CDS 4936 . .5646 
/ gene="mChetty"GCB 11 
misc_signal 4998 . .4998 
/gene="G->T (ApaLI)" 
misc_signal 5292 . .5292 
/gene="G->A (Pstl)" 
misc_signal 5370 .. 5370 
/gene="C->T (Nco!)" 
misc_signal 5418 .. 5418 
/gene="C->G (Kasl)" 
misc_signal 5485 .. 5504 
/ gene="spKDL023" 
misc_signal complement (5485 .. 5504) 
/ gene="spKDL024" 
misc_signal 5514 .. 5514 
/gene="G->A (Pvuii)" 
misc_signal 5526 .. 5526 
/gene="C->G (I<asl)" 




/product="ttanscriptional terminator from ttnB operon" 
misc_signal complement (5752 . .5771) 
/ gene="spKDL020" 
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misc_signal 5807 .. 5807 
/gene="C->T (Avril)" 
misc_featw:e 5812 .. 6619 
/gene="ColE1"GCB" 
/product="High Copy Origin of Replication" 
misc_signal 6209 .. 6209 
/gene="G->C (ApaLI)" 
misc_signal 6620 .. 6620 
/gene="A->G (Spel)" 
misc_featw:e 6626 .. 6731 
/gene="TO" 
/product="transcriptional terminator from phage lambda" 
CDS complement (6757 .. 7551) 
/gene="KanR"GCB" 
misc_signal 7617 .. 7636 
/ gene="spKDL019" 
BASE COUNT 1928 a 1971 c 1955 g 1833 t 
ORIGIN 
1 gacgtctgtg caagtactac tgttctgcag tcacttgaat tcgataccca gctgttattt 
61 gtatagttca tccatgccat gtgtaatccc agcagcggtt acaaactcaa gaaggaccat 
121 gtggtctctc ttttcgttgg gatctttcga aagggcagat tgtgtggaca ggtaatggtt 
181 gtctggtaaa aggacagggc catcgccaat cggagtattt tgttgataat ggtctgctag 
241 ttgaacgctt ccatcttcaa tgttgtgtct aattttgaag ttaactttga ttccattctt 
301 ttgtttgtct gccatgatgt atacattgtg tgagttatag ttgtattcca atttgtgtcc 
361 aagaatgttt ccatcttctt taaaatcaat accttttaac tcgattctat taacaagggt 
421 atcaccttca aacttgactt cagcacgtgt cttgtagttc ccgtcatctt tgaaaaatat 
481 agttctttcc tgtacgtaac cttcgggcat ggcactcttg aaaaagtcat gctgtttcat 
541 gtgatctggg tatctcgcaa agcattgaac accataaccg aaagtagtga caagtgttgg 
601 ccacggaaca ggtagttttc cagtagtgca aataaattta agggtaagtt ttccgtatgt 
661 tgcatcacct tcaccctctc cactgacaga aaatttgtgc ccattaacat caccatctaa 
721 ttcaacaaga attgggacaa ctccagtgaa aagttcttct cctttacgca tgtgcactac 
781 ctccttggtt gtctatgcta tgctgatcta caactggcat gcggtcagtg cgtcctgctg 
841 atgtgctcag tatctctatc actgataggg atgtcaatct ctatcactga tagggaaacg 
901 tttcgcagaa gcttccgcaa ggtaccactt tgccgcggtc actgcccgct ttccagtcgg 
961 gaaacctgtc gtgccagttg cattaatgaa tcggccaacg cgcggggaga ggcggtttgc 
1021 gtattgggag ccagggtggt ttttcttttc accagtgaga cgggcaacag ttgattgccc 
1081 ttcaccgcct ggccctgaga gagttgcagc aagcggtcca cgctggtttg ccccagcagg 
1141 cgaaaatcct gtttgatggt ggttaacggc gggatataac atgagctgtc ttcggtatcg 
1201 tcgtatccca ctaccgagat gtccgcacca acgcgcagcc cggactcggt aatggcgcgc 
1261 attgcgccca gcgccatctg atcgttggca accagcatcg cagtgggaac gatgccctca 
1321 ttcagcattt gcatggtttg ttgaaaaccg gacatggcac tccagtcgcc ttcccgttcc 
1381 gctatcggct gaatttgatt gcgagtgaga tatttatgcc agccagccag acgcagacgc 
1441 gccgagacag aacttaatgg gcccgctaac agcgcgattt gctggtgacc caatgcgacc 
1501 agatgctcca cgcccagtcg cgtaccgtct tcatgggaga aaataatact gttgatgggt 
1561 gtctggtcag agacatcaag aaataacgcc ggaacattag tgcaggcagc ttccacagca 
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1621 atggcatcct ggtcatccag cggatagtta atgatcagcc cactgacgcg ctgcgcgaga 
1681 agattgtgaa ccgccgcttt acaggcttcg acgccgcttc gttctaccat cgacaccacc 
17 41 acgctggcac ccagttgatc ggcgcgagat ttaatcgccg cgacaatttg cgacggcgcg 
1801 tgcagggcca gactggaggt ggcaacgcca atcagcaacg actgtttgcc cgccagttgt 
1861 tgtgccacgc ggttgggaat gtaattcagc tccgccatcg ccgcttccac tttttcccgc 
1921 gttttcgcag aaacgtggct ggcctggttc accacgcggg aaacggtctg ataagagaca 
1981 ccggcatact ctgcgacatc gtacagcgtt actggtttca ttgtacaccc tctccttata 
2041 ttgggaccta tggatccggt cagtgcgtcc tgctgatgtg ctcagtatct ctatcactga 
2101 tagggatgtc aatctctatc actgataggg acggccgccc gttccatggg atgagagtaa 
2161 gaacctgtcg gaatatcaaa cagacaggtt ctttatttag catgagaaaa ataaagttga 
2221 aggtggcgtt atattaaacg cgcttgctat aagagtattt tactcaggag tgagaatctg 
2281 gttatttatt gcccttaacc attatcgacc acgatattgc ttttgcgtaa cagcgggcaa 
2341 tctgttatcc ccaaaaaacc acttttagtg tgcaagtatt gtaccgtgct ggtgcctctg 
2401 gcagtcagat aggtacattg caaacctaat cctgcggcat tctctttgct tccaatcaaa 
2461 acgccatatc cgctgagtaa taatcctatc cataccagtg ctatcagcat aactgtgcga 
2521 atgatgaatc gcattacaac ctcttctctt tttatgttcg cttaatcgta gcggcaatat 
2581 gcgctgaagc aagcgactca ttccgaaaaa gcacgaatat cgacatagtt aggcgctgtt 
2641 taactaaccc atgctagttt aatgacataa ggtaggtgaa acggagattg gagtcgaccg 
2701 cataggagac aataagaggg gctagcatgt ctcgtttaga taaaagtaaa gtgattaaca 
2761 gcgcattaga gctgcttaat gaggtcggaa tcgaaggttt aacaacccgt aaactcgccc 
2821 agaagctagg tgtagagcag cctacattgt attggcatgt aaaaaataag cgggctttgc 
2881 tcgacgcctt agccattgag atgttagata ggcaccatac tcacttttgc cctttagaag 
2941 gggaaagctg gcaagatttt ttacgtaata acgctaaaag ttttagatgt gctttactaa 
3001 gtcatcgcga tggagcaaaa gtacatttag gtacacggcc tacagaaaaa cagtatgaaa 
3061 ctctcgaaaa tcaattagcc tttttatgcc aacaaggttt ttcactagag aatgcattat 
3121 atgcactcag cgctgtgggg cattttactt taggttgcgt attggaagat caagagcatc 
3181 aagtcgctaa agaagaaagg gaaacaccta ctactgatag tatgccgcca ttattacgac 
3241 aagctatcga attatttgat caccaaggtg cagagccagc cttcttattc ggccttgaat 
3301 tgatcatctg cggattagaa aaacaactta aatgtgaaag tgggtcttga gagctcggac 
3361 tgcttaagat aaatataaat aaggacaata atcatggctg aagcgcaaat cgatcccctg 
3421 ctgccgggat actcgtttaa cgcccatctg gtggcgggtt taacgccgat tgaggccaac 
3481 ggttatctcg atttttttat cgaccgaccg ctgggaatga aaggttatat tctcaatctc 
3541 accattcgcg gtcagggggt ggtgaaaaat cagggacgag aatttggttg ccgaccgggt 
3601 gatattttgc tgttcccgcc aggagagatt catcactacg gtcgtcatcc ggaggctcgc 
3661 gaatggtatc accagtgggt ttactttcgt ccgcgcgcct actggcatga atggcttaac 
3721 tggccgtcaa tctttgccaa tacgggtttc tttcgcccgg atgaagcgca ccagccgcat 
3781 ttcagcgacc tgtttgggca aatcattaac gccgggcaag gggaagggcg ctattcggag 
3841 ctgctggcga taaatctgct tgagcaactg ttactgcggc gcatgggtgc gattaacgtg 
3901 tcgctccatc caccgatgga taatcgggta cgcgaggctt gtcagtacat cagcgatcac 
3961 ctggcagaca gcaattttga catcgccagc gtcgcacagc atgtttgctt gtcgccgtcg 
4021 cgtctgtcac atcttttccg ccagcagtta gggattagcg tcctgagctg gcgcgaggac 
4081 caacgcatta gtcaggcgaa gctgcttttg agcactaccc ggatgcctat cgccaccgtc 
4141 ggtcgcaatg ttggttttga cgatcaactc tatttctcgc gagtatttaa aaaatgcacc 
4201 ggggccagcc cgagcgagtt tcgtgccggt actagcgcag cgaacgacga aaattacgcc 
4261 gcatcagttt gacatatgcg agaattggct tggactcctg ttgatagatc cagtaatgac 
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4321 ctcagaactc catctggatt tgttcagaac gctcggttgc cgccgggcgt tttttattgg 
4381 tgagaatcca agcagtagtc acccgggaat tgtgagcgga taacaatttc acacagggcc 
4441 ctcggacacc gaggagaatg tcaagaggcg aacacacaac gtcttggagc gccagaggag 
4501 gaacgagcta aaacggagct tttttgccct gcgtgaccag atcccggagt tggaaaacaa 
4561 tgaaaaggcc cccaaggtag ttatccttaa aaaagccaca gcatacatcc tgtccgtcca 
4621 agcagaggag caaaagctca tttctgaaga ggacttgttg cggaaacgac gagaacagtt 
4681 gaaacacaaa cttgaacagc tacggaactc ttgtgcgtaa ggaaaagtaa ggaaaacgat 
4741 tccttctaac agaaatgtcc tgagcaatca cctatgaact gtcgattcga gcatagcatt 
4801 tttatccata agattagcgg atcataatct ttacaatttt gagcgctcac aattatgata 
4861 gattcagttg tgagcggata acaatttcac acacaattga gtattaacta tcgttcaact 
4921 gatagggagg cgccgatggt gagcaagggc gaggaggata acatggccat catcaaggag 
4981 ttcatgcgct tcaaggttca catggagggc tccgtgaacg gccacgagtt cgagatcgag 
5041 ggcgagggcg agggccgccc ctacgagggc acccagaccg ccaagctgaa ggtgaccaag 
5101 ggtggccccc tgcccttcgc ctgggacatc ctgtcccctc agttcatgta cggctccaag 
5161 gcctacgtga agcaccccgc cgacatcccc gactacttga agctgtcctt ccccgagggc 
5221 ttcaagtggg agcgcgtgat gaacttcgag gacggcggcg tggtgaccgt gacccaggac 
5281 tcctccctgc aagacggcga gttcatctac aaggtgaagc tgcgcggcac caacttcccc 
5341 tccgacggcc ccgtaatgca gaagaagact atgggctggg aggcctcctc cgagcggatg 
5401 taccccgagg acggcgcgct gaagggcgag atcaagcaga ggctgaagct gaaggacggc 
5461 ggccactacg acgctgaggt caagaccacc tacaaggcca agaagcccgt gcaactgccc 
5521 ggcgcgtaca acgtcaacat caagttggac atcacctccc acaacgagga ctacaccatc 
5581 gtggaacagt acgaacgcgc cgagggccgc cactccaccg gcggcatgga cgagctgtat 
5641 aagtaagata tctatcgccc tagggaccgt ctcgagagaa tcaatattaa tccaacgcgt 
5701 ggcatcaaat aaaacgaaag gctcagtcga aagactgggc ctttcgtttt atctgttgtt 
5761 tgtcggtgaa cgctctcctg agtaggacaa atccgccgcc ctagacttag gcgttcggct 
5821 gcggcgagcg gtatcagctc actcaaaggc ggtaatacgg ttatccacag aatcagggga 
5881 taacgcagga aagaacatgt gagcaaaagg ccagcaaaag gccaggaacc gtaaaaaggc 
5941 cgcgttgctg gcgtttttcc ataggctccg cccccctgac gagcatcaca aaaatcgacg 
6001 ctcaagtcag aggtggcgaa acccgacagg actataaaga taccaggcgt ttccccctgg 
6061 aagctccctc gtgcgctctc ctgttccgac cctgccgctt accggatacc tgtccgcctt 
6121 tctcccttcg ggaagcgtgg cgctttctca tagctcacgc tgtaggtatc tcagttcggt 
6181 gtaggtcgtt cgctccaagc tgggctgtct gcacgaaccc cccgttcagc ccgaccgctg 
6241 cgccttatcc ggtaactatc gtcttgagtc caacccggta agacacgact tatcgccact 
6301 ggcagcagcc actggtaaca ggattagcag agcgaggtat gtaggcggtg ctacagagtt 
6361 cttgaagtgg tggcctaact acggctacac tagaaggaca gtatttggta tctgcgctct 
6421 gctgaagcca gttaccttcg gaaaaagagt tggtagctct tgatccggca aacaaaccac 
6481 cgctggtagc ggtggttttt ttgtttgcaa gcagcagatt acgcgcagaa aaaaaggatc 
6541 tcaagaagat cctttgatct tttctacggg gtctgacgct cagtggaacg aaaactcacg 
6601 ttaagggatt ttggtcatgg ctagtgcttg gattctcacc aataaaaaac gcccggcggc 
6661 aaccgagcgt tctgaacaaa tccagatgga gttctgaggt cattactgga tctatcaaca 
6721 ggagtccaag ccaattctcg aaccccagag tcccgctcag aagaactcgt caagaaggcg 
6781 atagaaggcg atgcgctgcg aatcgggagc ggcgataccg taaagcacga ggaagcggtc 
6841 agcccattcg ccgccaagct cttcagcaat atcacgggta gccaacgcta tgtcctgata 
6901 gcggtccgcc acacccagcc ggccacagtc gatgaatcca gaaaagcggc cattttccac 
6961 catgatattc ggcaagcagg catcgccgtg ggtcacgacg agatcctcgc cgtcgggcat 
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II 
7021 acgcgccttg agcctggcga acagttcggc tggcgcgagc ccctgatgct cttcgtccag 
7081 atcatcctga tcgacaagac cggcttccat ccgagtacgt gctcgctcga tgcgatgttt 
7141 cgcttggtgg tcgaatgggc aggtagccgg atcaagcgta tgcagccgcc gcattgcatc 
7201 agccatgatg gatactttct cggcaggagc aaggtgagat gacaggagat cctgccccgg 
7261 cacttcgccc aatagcagcc agtcccttcc cgcttcagtg acaacgtcga gcacagccgc 
7321 gcaaggaacg cccgtcgtgg ccagccacga tagccgcgct gcctcgtctt gcagttcatt 
7381 cagggcaccg gacaggtcgg tcttgacaaa aagaaccggg cgaccctgcg ctgacagccg 
7 441 gaacacggcg gcatcagagc agccgattgt ctgttgtgcc cagtcatagc cgaatagcct 
7501 ctccacccaa gccgccggag aacctgcgtg caatccatct tgttcaatca tgcgaaacga 
7561 tcctcatcct gtctcttgat cagatcttga tcccctgcgc catcagatcc ttggcggcaa 
7621 gaaagccatc cagtttactt tgcagggctt cccaacctta ccagagggcg gcccaactgg 
7681 caattcc 
LOCUS pKDL107 8096 bp DNA CIRCULAR SYN 
DEFINITION 4FFL 
ACCESSION pKDL107 
PEA TURES Location/ Qualifiers 
misc_feature complement (7208 .. 1) 
/ gene="KanR "GCB" 
misc_signal 82 .. 82 
/gene="T->C Mfel" 
misc_signal 193 .. 193 
/ gene="A->C Sspi" 
misc_signal 229 .. 229 
/ gene="A->G Sphi" 
misc_signal 595 .. 615 
/gene="spKDL043" 
misc_signal 607 .. 607 
/ gene="A->G Sspi" 
misc_signal 691..691 
/gene="T->C Sspi" 
misc_signal 757 .. 757 
/ gene="T ->G Hindiii" 
CDS complement (55 .. 810) 
/gene= "LuxR"GCB" 
misc_signal complement (811 .. 855) 
/ gene="rbsKDL025" 
misc_feature 881 
/ gene="Transcription Start" 
misc_signal complement (888 .. 893) 
/gene="-10 box" 
misc_signal complement (892 .. 910) 
/ gene="Otet2" 
misc_signal complement (911..916) 
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I gene="-35 Box" 
misc_featul:e complement (862 .. 935) 
I gene= "PL(tetO)AGCB" 
misc_signal complement (917 .. 935) 
I gene="Otet2" 
misc_signal complement (956 .. 983) 
lgene="T2" 
misc_signal 1052 .. 1052 
lgene="T->C Acli" 
misc_signal complement (1115 .. 1158) 
lgene="T1" 
misc_featw:e complement (942 .. 1172) 
I gene="T1 T2AGCB" 
misc_signal 1293 .. 1293 
lgene="G->T I<asi" 
misc_signal 1485 .. 1485 
lgene="T->C EcoRV'' 
misc_signal 1836 .. 1855 
I gene="spKDL026" 
misc_signal complement (1836 .. 1855) 
I gene="spKDL025" 
misc_signal 1935 .. 1935 
I gene="A->G Mlui" 
misc_signal 1953 .. 1953 
I gene="G->T ApaLI" 
misc_signal 2268 .. 2268 
lgene="A->GAcll" 
misc_signal 2270 .. 2270 
lgene="T->C Acli" 
CDS complement (1203 .. 2285) 
I gene="lacJAGCB" 
misc_signal complement (2286 .. 2315) 
I gene= "rbsKDL026" 
misc_featw:e complement (2322 .. 2540) 
I gene="PluxAGCB" 
misc_featul:e 2559 .. 3101 
I gene="PmgrBAGCB" 
misc_signal 3038 .. 3043 
lgene="-35 box?" 
misc_signal 3058 .. 3058 
I gene="G->C Sphi" 
misc_signal 3067 .. 3072 
lgene="-10 box" 
misc_signal 3076 .. 3076 
I gene="TSS" 
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misc_signal 3108 .. 3135 
I gene=utbsKDL032d11 
CDS 3136 .. 3759 
I gene= 11tetR AGCB 11 
misc_signal 3142 .. 3142 
I gene= 11A->C Xbal11 
misc_signal 3144 .. 3144 
I gene= 11A->T Xbal11 
misc_signal 3521..3540 
I gene= 11spKDL02711 
misc_signal complement (3521 .. 3540) 
I gene= 11spKDL02811 
misc_signal 3717 .. 3717 
I gene=11A->C Ndel11 
misc_signal 3778 .. 3802 
I gene= 11ths 11 
CDS 3803..4681 
I gene= 11AtaC_ASV _Keasling/\GCB 11 
misc_signal 3818 .. 3820 
I gene= 11N 6I JK11 
misc_signal 3995 .. 3997 
I gene= 11V65G JK11 
misc_signal complement ( 4008 . .4027) 
I gene= 11spKDL04411 
misc_signal 4141..4141 
I gene= 11A->C Sspl11 
misc_signal 4277..4277 
lgene= 11T->C Mfel11 
misc_signal 4295 . .4297 
lgene= 11E165G JK.11 
misc_signal 4307 . .4309 
I gene=11E169V JK11 
misc_signal 4390 . .4390 
lgene= 11T->C EcoRV11 
misc_signal 4472 . .4472 
lgene= 11T->C A£III11 
misc_signal 4474 . .4474 
I gene= 11A->G A£III11 
misc_signal 4679 . .4681 
lgene= 11C280* JK11 
misc_featute 4688 . .4810 
I gene= 11TOAGCB 11 
misc_signal 4702..4796 
lgene= 11T011 
misc_featute 4817 . .5302 
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/ gene= 11Plac/ ara"'GCB" 
misc_signal 4817 . .4844 
/ gene= 110lac1 11 
misc_signal 4836 .. 4836 
/gene= 11T->A11 
/product= 11found in seq." 
misc_signal 5173 .. 5177 
/gene=" del CAA'' 
misc_signal 5195 .. 5195 
/gene= 11C->T Sail, Xhol11 
misc_signal 5201..5220 
/gene= 11aral1 11 
misc_signal 5233 .. 5233 
/gene= 11C-> A BamBI" 
misc_signal 5237 .. 5237 
/gene="G->T Hindiii" 
misc_signal 5244 .. 5263 
/gene="Os 11 
misc_signal 5248 .. 5248 
/ gene="G->T Mfel" 
misc_signal 5275 .. 5302 
/ gene="Olac1" 
misc_signal 5276 .. 5276 
/ gene= 11A->G Mfel" 
misc_signal 5309 .. 5344 
/gene= 11rbsKDL027 11 
misc_signal 5344 .. 5344 
/gene="-> GNcoi11 
CDS 5345 .. 6055 
/ gene="mCherry"'GCB" 
misc_signal 5407 .. 5407 
/gene= 11G->T (ApaLI)" 
misc_signal 5701..5701 
/gene="G->A (Pstl)" 
misc_signal 5779 .. 5779 
/gene="C->T (Ncol)" 
misc_signal 5827 .. 5827 
/gene="C->G (Kasl) 11 
misc_signal 5894 .. 5913 
/ gene="spKDL023" 
misc_signal complement (5894 .. 5913) 
/ gene="spKDL024" 
misc_signal 5923 .. 5923 
/gene= 11G->A (Pvull) 11 
misc_signal 5935 .. 5935 
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lgene="C->G (I<.asl)" 
misc_signal 6049 .. 6049 
lgene="C->T (BsrGI)" 
misc_featw:e 6110 .. 6214 
I gene="T1 "GCB" 
lproduct="ttanscripti.onal terminator from ttnB operon" 
misc_signal complement (6161 .. 6180) 
I gene="spKDL020" 
misc_signal 6216 .. 6216 
lgene="C->T (Avril)" 
misc_featw:e 6221 .. 7028 
I gene="ColE1" 
lproduct="High Copy Origin of Replication" 
misc_signal 6618 .. 6618 
lgene="G->C (ApaLI)" 
misc_signal 7029 .. 7029 
lgene="A->G (Spel)" 
misc_featw:e 7035 .. 7140 
I gene="TO". 
lproduct="ttanscripti.onal terminator from phage lambda" 
CDS complement (7166 .. 7960) 
I gene="I<.anR "GCB" 
misc_signal 8026 .. 8045 
lgene="spKDL019" 
BASE COUNT 2076 a 2026 c 2010 g 1984 t 
ORIGIN 
1 gacgtctgtg caagtactac tgttctgcag tcacttgaat tcgataccca gctgttatta 
61 atttttaaag tatgggcaat cgattgctcc tgttaaaatt gctttagaaa tactttggca 
121 gcggtttgtt gtattgagtt tcatttgcgc attggttaaa tggaaagtga cagtacgctc 
181 actgcaacct aagatttttg aaatatccca agagcttttt ccttcgcacg cccacgctaa 
241 acattctttt tctcttttgg ttaaatcgtt gtttgattta ttatttgcta tatttatttt 
301 tcgataatta tcaactagag aaggaacaat taatggtatg ttcatacacg catgtaaaaa 
361 taaactatct atatagttgt ctttttctga atgtgcaaaa ctaagcattc cgaagccatt 
421 gttagccgta tgaataggga aactaaaccc agtgataaga cctgatgttt tcgcttcttt 
481 aattacattt ggagattttt tatttacagc attgttttca aatatattcc aattaattgg 
541 tgaatgattg gagttagaat aatctactat aggatcatat tttattaaat tagcgtcatc 
601 ataatactgc ctccattttt tagggtaatt atctaggatt gaaatatcag atttaaccat 
661 agaatgagga taaatgatcg cgagtaaata gtattcacaa tgtaccattt tagtcatatc 
721 agataagcat tgattaatat cattattgct tctacacgct ttaattttat taattattct 
781 gtatgtgtcg tcggcattta tgtttttcat gtgcactacc tccttggttg tctatgctat 
841 gctgatctac aactggcatg cggtcagtgc gtcctgctga tgtgctcagt atctctatca 
901 ctgataggga tgtcaatctc tatcactgat agggaaacgt ttttgtagaa acgcaaaaag 
961 gccatccgtc aggatggcct tctgcttaat ttgatgcctg gcagtttatg gcgggcgtcc 
1021 tgcccgccac cctccgggcc gttgcttcgc agcgttcaaa tccgctcccg gcggatttgt 
1081 cctactcagg agagcgttca ccgacaaaca acagataaaa cgaaaggccc agtctttcga 
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1141 ctgagccttt cgttttattt gatgcctcta gcaagcttcc gcaaggtacc actttgccgc 
1201 ggtcactgcc cgctttccag tcgggaaacc tgtcgtgcca gttgcattaa tgaatcggcc 
1261 aacgcgcggg gagaggcggt ttgcgtattg ggagccaggg tggtttttct tttcaccagt 
1321 gagacgggca acagttgatt gcccttcacc gcctggccct gagagagttg cagcaagcgg 
1381 tccacgctgg tttgccccag caggcgaaaa tcctgtttga tggtggttaa cggcgggata 
1441 taacatgagc tgtcttcggt atcgtcgtat cccactaccg agatgtccgc accaacgcgc 
1501 agcccggact cggtaatggc gcgcattgcg cccagcgcca tctgatcgtt ggcaaccagc 
1561 atcgcagtgg gaacgatgcc ctcattcagc atttgcatgg tttgttgaaa accggacatg 
1621 gcactccagt cgccttcccg ttccgctatc ggctgaattt gattgcgagt gagatattta 
1681 tgccagccag ccagacgcag acgcgccgag acagaactta atgggcccgc taacagcgcg 
17 41 atttgctggt gacccaatgc gaccagatgc tccacgccca gtcgcgtacc gtcttcatgg 
1801 gagaaaataa tactgttgat gggtgtctgg tcagagacat caagaaataa cgccggaaca 
1861 ttagtgcagg cagcttccac agcaatggca tcctggtcat ccagcggata gttaatgatc 
1921 agcccactga cgcgctgcgc gagaagattg tgaaccgccg ctttacaggc ttcgacgccg 
1981 cttcgttcta ccatcgacac caccacgctg gcacccagtt gatcggcgcg agatttaatc 
2041 gccgcgacaa tttgcgacgg cgcgtgcagg gccagactgg aggtggcaac gccaatcagc 
2101 aacgactgtt tgcccgccag ttgttgtgcc acgcggttgg gaatgtaatt cagctccgcc 
2161 atcgccgctt ccactttttc ccgcgttttc gcagaaacgt ggctggcctg gttcaccacg 
2221 cgggaaacgg tctgataaga gacaccggca tactctgcga catcgtacag cgttactggt 
2281 ttcattgtac accctctcct tatattggga cctatggatc cggtcagtgc gtcctgctga 
2341 tattcgacta taacaaacca ttttcttgcg taaacctgta cgatcctaca ggtgcttatg 
2401 ttaagtaatt gtattcccag cgatacaata gtgtgacaaa aatccaattt attagaatca 
2461 aatgtcaatc cattaccgtt ttaatgatat ataacacgca aaacttgcga caaacaatag 
2521 gtaaggataa agagatgggt cggccgcccg ttccatggga tgagagtaag aacctgtcgg 
2581 aatatcaaac agacaggttc tttatttagc atgagaaaaa taaagttgaa ggtggcgtta 
2641 tattaaacgc gcttgctata agagtatttt actcaggagt gagaatctgg ttatttattg 
2701 cccttaacca ttatcgacca cgatattgct tttgcgtaac agcgggcaat ctgttatccc 
2761 caaaaaacca cttttagtgt gcaagtattg taccgtgctg gtgcctctgg cagtcagata 
2821 ggtacattgc aaacctaatc ctgcggcatt ctctttgctt ccaatcaaaa cgccatatcc 
2881 gctgagtaat aatcctatcc ataccagtgc tatcagcata actgtgcgaa tgatgaatcg 
2941 cattacaacc tcttctcttt ttatgttcgc ttaatcgtag cggcaatatg cgctgaagca 
3001 agcgactcat tccgaaaaag cacgaatatc gacatagtta ggcgctgttt aactaaccca 
3061 tgctagttta atgacataag gtaggtgaaa cggagattgg agtcgaccgc ataggagaca 
3121 ataagagggg ctagcatgtc tcgtttagat aaaagtaaag tgattaacag cgcattagag 
3181 ctgcttaatg aggtcggaat cgaaggttta acaacccgta aactcgccca gaagctaggt 
3241 gtagagcagc ctacattgta ttggcatgta aaaaataagc gggctttgct cgacgcctta 
3301 gccattgaga tgttagatag gcaccatact cacttttgcc ctttagaagg ggaaagctgg 
3361 caagattttt tacgtaataa cgctaaaagt tttagatgtg ctttactaag tcatcgcgat 
3421 ggagcaaaag tacatttagg tacacggcct acagaaaaac agtatgaaac tctcgaaaat 
3481 caattagcct ttttatgcca acaaggtttt tcactagaga atgcattata tgcactcagc 
3541 gctgtggggc attttacttt aggttgcgta ttggaagatc aagagcatca agtcgctaaa 
3601 gaagaaaggg aaacacctac tactgatagt atgccgccat tattacgaca agctatcgaa 
3661 ttatttgatc accaaggtgc agagccagcc ttcttattcg gccttgaatt gatcatctgc 
3721 ggattagaaa aacaacttaa atgtgaaagt gggtcttgag agctcggact gcttaagata 
3781 aatataaata aggacaataa tcatggctga agcgcaaatc gatcccctgc tgccgggata 
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3841 ctcgtttaac gcccatctgg tggcgggttt aacgccgatt gaggccaacg gttatctcga 
3901 tttttttatc gaccgaccgc tgggaatgaa aggttatatt ctcaatctca ccattcgcgg 
3961 tcagggggtg gtgaaaaatc agggacgaga atttggttgc cgaccgggtg atattttgct 
4021 gttcccgcca ggagagattc atcactacgg tcgtcatccg gaggctcgcg aatggtatca 
4081 ccagtgggtt tactttcgtc cgcgcgccta ctggcatgaa tggcttaact ggccgtcaat 
4141 ctttgccaat acgggtttct ttcgcccgga tgaagcgcac cagccgcatt tcagcgacct 
4201 gtttgggcaa atcattaacg ccgggcaagg ggaagggcgc tattcggagc tgctggcgat 
4261 aaatctgctt gagcaactgt tactgcggcg catgggtgcg attaacgtgt cgctccatcc 
4321 accgatggat aatcgggtac gcgaggcttg tcagtacatc agcgatcacc tggcagacag 
4381 caattttgac atcgccagcg tcgcacagca tgtttgcttg tcgccgtcgc gtctgtcaca 
4441 tctttt~cgc cagcagttag ggattagcgt cctgagctgg cgcgaggacc aacgcattag 
4501 tcaggcgaag ctgcttttga gcactacccg gatgcctatc gccaccgtcg gtcgcaatgt 
4561 tggttttgac gatcaactct atttctcgcg agtatttaaa aaatgcaccg gggccagccc 
4621 gagcgagttt cgtgccggta ctagcgcagc gaacgacgaa aattacgccg catcagtttg 
4681 acatatgcga gaattggctt ggactcctgt tgatagatcc agtaatgacc tcagaactcc 
4 7 41 atctggattt gttcagaacg ctcggttgcc gccgggcgtt ttttattggt gagaatccaa 
4801 gcagtagtca cccgggaatt gtgagcggat aacaatttca cacagggccc tcggacaccg 
4861 aggagaatgt caagaggcga acacacaacg tcttggagcg ccagaggagg aacgagctaa 
4921 aacggagctt ttttgccctg cgtgaccaga tcccggagtt ggaaaacaat gaaaaggccc 
4981 ccaaggtagt tatccttaaa aaagccacag catacatcct gtccgtccaa gcagaggagc 
5041 aaaagctcat ttctgaagag gacttgttgc ggaaacgacg agaacagttg aaacacaaac 
5101 ttgaacagct acggaactct tgtgcgtaag gaaaagtaag gaaaacgatt ccttctaaca 
5161 gaaatgtcct gagcaatcac ctatgaactg tcgattcgag catagcattt ttatccataa 
5221 gattagcgga tcataatctt tacaattttg agcgctcaca attatgatag attcagttgt 
5281 gagcggataa caatttcaca cacaattgag tattaactat cgttcaactg atagggaggc 
5341 gccgatggtg agcaagggcg aggaggataa catggccatc atcaaggagt tcatgcgctt 
5401 caaggttcac atggagggct ccgtgaacgg ccacgagttc gagatcgagg gcgagggcga 
5461 gggccgcccc tacgagggca cccagaccgc caagctgaag gtgaccaagg gtggccccct 
5521 gcccttcgcc tgggacatcc tgtcccctca gttcatgtac ggctccaagg cctacgtgaa 
5581 gcaccccgcc gacatccccg actacttgaa gctgtccttc cccgagggct tcaagtggga 
5641 gcgcgtgatg aacttcgagg acggcggcgt ggtgaccgtg acccaggact cctccctgca 
5701 agacggcgag ttcatctaca aggtgaagct gcgcggcacc aacttcccct ccgacggccc 
5761 cgtaatgcag aagaagacta tgggctggga ggcctcctcc gagcggatgt accccgagga 
5821 cggcgcgctg aagggcgaga tcaagcagag gctgaagctg aaggacggcg gccactacga 
5881 cgctgaggtc aagaccacct acaaggccaa gaagcccgtg caactgcccg gcgcgtacaa 
5941 cgtcaacatc aagttggaca tcacctccca caacgaggac tacaccatcg tggaacagta 
6001 cgaacgcgcc gagggccgcc actccaccgg cggcatggac gagctgtata agtaagatat 
6061 ctatcgccct agggaccgtc tcgagagaat caatattaat ccaacgcgtg gcatcaaata 
6121 aaacgaaagg ctcagtcgaa agactgggcc tttcgtttta tctgttgttt gtcggtgaac 
6181 gctctcctga gtaggacaaa tccgccgccc tagacttagg cgttcggctg cggcgagcgg 
6241 tatcagctca ctcaaaggcg gtaatacggt tatccacaga atcaggggat aacgcaggaa 
6301 agaacatgtg agcaaaaggc cagcaaaagg ccaggaaccg taaaaaggcc gcgttgctgg 
6361 cgtttttcca taggctccgc ccccctgacg agcatcacaa aaatcgacgc tcaagtcaga 
6421 ggtggcgaaa cccgacagga ctataaagat accaggcgtt tccccctgga agctccctcg 
6481 tgcgctctcc tgttccgacc ctgccgctta ccggatacct gtccgccttt ctcccttcgg 
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6541 gaagcgtggc gctttctcat agctcacgct gtaggtatct cagttcggtg taggtcgttc 
6601 gctccaagct gggctgtctg cacgaacccc ccgttcagcc cgaccgctgc gccttatccg 
6661 gtaactatcg tcttgagtcc aacccggtaa gacacgactt atcgccactg gcagcagcca 
6721 ctggtaacag gattagcaga gcgaggtatg taggcggtgc tacagagttc ttgaagtggt 
6781 ggcctaacta cggctacact agaaggacag tatttggtat ctgcgctctg ctgaagccag 
6841 ttaccttcgg aaaaagagtt ggtagctctt gatccggcaa acaaaccacc gctggtagcg 
6901 gtggtttttt tgtttgcaag cagcagatta cgcgcagaaa aaaaggatct caagaagatc 
6961 ctttgatctt ttctacgggg tctgacgctc agtggaacga aaactcacgt taagggattt 
7021 tggtcatggc tagtgcttgg attctcacca ataaaaaacg cccggcggca accgagcgtt 
7081 ctgaacaaat ccagatggag ttctgaggtc attactggat ctatcaacag gagtccaagc 
7141 caattctcga accccagagt cccgctcaga agaactcgtc aagaaggcga tagaaggcga 
7201 tgcgctgcga atcgggagcg gcgataccgt aaagcacgag gaagcggtca gcccattcgc 
7261 cgccaagctc ttcagcaata tcacgggtag ccaacgctat gtcctgatag cggtccgcca 
7321 cacccagccg gccacagtcg atgaatccag aaaagcggcc attttccacc atgatattcg 
7381 gcaagcaggc atcgccgtgg gtcacgacga gatcctcgcc gtcgggcata cgcgccttga 
7 441 gcctggcgaa cagttcggct ggcgcgagcc cctgatgctc ttcgtccaga tcatcctgat 
7501 cgacaagacc ggcttccatc cgagtacgtg ctcgctcgat gcgatgtttc gcttggtggt 
7561 cgaatgggca ggtagccgga tcaagcgtat gcagccgccg cattgcatca gccatgatgg 
7621 atactttctc ggcaggagca aggtgagatg acaggagatc ctgccccggc acttcgccca 
7681 atagcagcca gtcccttccc gcttcagtga caacgtcgag cacagccgcg caaggaacgc 
77 41 ccgtcgtggc cagccacgat agccgcgctg cctcgtcttg cagttcattc agggcaccgg 
7801 acaggtcggt cttgacaaaa agaaccgggc gaccctgcgc tgacagccgg aacacggcgg 
7861 catcagagca gccgattgtc tgttgtgccc agtcatagcc gaatagcctc tccacccaag 
7921 ccgccggaga acctgcgtgc aatccatctt gttcaatcat gcgaaacgat cctcatcctg 
7981 tctcttgatc agatcttgat cccctgcgcc atcagatcct tggcggcaag aaagccatcc 
8041 agtttacttt gcagggcttc ccaaccttac cagagggcgg cccaactggc aattcc 
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